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This invention relates to DNA hybridisation assays, and to an improved 
d,gonuc,eotide or intercalating nuc.eiQ.acid (INA) assay. The invention relates particulariy to 
.methods for distinguishing specific base sequences including 5-methy. cytos.ne bases in 
DNA using these assays. 



Background Art 



A number of procedures were available for the detecflon of speclflo nucleic aoid 
moleoules These procedures typical* depend on sequence-dependent hybridisation 
between the target DNA and nucteic acid probes which may range in teng.h from short - 
olrgonucteotides (20 bases or less) to sequences of many kilobases. 

For direct detection, the targe. DNA is most commonly separated on the basis of size 
, by ge electraphoresis and (ransferred to a solid support prior to hybridisation with a prabe 
oomplementary to the target sequence (Southern and Northern blotting,. The probe may be 

ANA and MNA. The probe may be directly iabelled (eg. with -P, or an Indira* detearon 

a W slT h be r d - • Pr ° CedUreS USUa " y re ' y °" inCOfp0ra « on **> «- P-»be of 

a tag such as btotn or digoxlgenin and the prabe is then detected by means such as 

enzyme-totted substrate conversion or chemiluminescence. 

Another method for direct detection of nudeio acid that has been used widely is 
^ sandwtch- hybridises. In mis method, a capture prabe is copied to a so„d support and 
•he tonge. DNA. in sotution. is hybridised wim the bound prabe. Unbound farge, is 
washed away and the bound DNA is detooted using a second prabe that hybridises to me 
to-get sequences. Detection may use dirac. or Indireot methods as outlined aboye The 

otcTuT" Si9na ' de,eC80n 5yStem b " ^ ** USeS «» — * »~o n 
pnncple (Uraea Ms Branched DNA signal amplification. Biotechnology 12: 928-928). 

* T* 9rOWln9 * at ^ " U5lei0 '*««■»» for diract deteoaon of 
"2 !T n0e8 ' 8 ** " DNA W (Yo«ng RA Biomedioa, discovery with 

™ r 5 (200 ° ); Wate ° n ' N8W ^ A ° f h « h - <~s 
range from ohgonucleotldes to longer sequences such as cDNA oiones. were fixed to I Lm 



20 



25 



30 



support - * 9* Pattern. A tagged or iabeiied nudeic add popular was man hybndised 
«h n,a anay and tha .eve, of hybttisat.cn w«h each spo, ,n the anay „ quantified Moa 

hTZtTT''" ^"''^ - ao«ds(ag.cO^,waral^ 
hybadeaton. Ihough other datactlon systems ware amployed. 

5 no™, ^ e r , ^ de ' yUS ^ me ^ fcramPlmraa0n0fS P e * c ^^ncesa^ 

ZTT f r ac,d sequences is ^ * po,y,TOrase — « <™, 

Ha2p » DVekS ' erGedS - PCRPri — AUbora.oryMa™«,. Cdd Spring 

3 0 T ^ ^ Nn *** amP "'* iCa,IOn "*»* ^nuctaotides. generl 15 to 
30 udeofides ,n iengfh on oomptamentaty DNA strands and a, efiher end of the DNA 
> «S,on to be amplified, were used fo pnme DNA synthests on denatored singled! 
DMA. Suocasslve cydes of denaturaton, pnmer hybrtdlsabon and DNA s JnTsvr^l 

b u ZaTr ,abte dna a,,ows 

between fhe pnmers. RNA sequences can be amplified by fin* copying using reverse 
^nscnptase to produce a cDNA copy. Amplfled DNA fragments 1 be deTaZoTa 
£tety of means mcluding ge, eiecbophomsis. hybridisation wKh tabeited probes U se „, 

found ,n C rosT^o me,h0d " ^ '° d6teCt DNA - - — 

found ,n the GSTP1 gene promoter region in prostate cancer, were dependent on PCR 

ampltficabon of such sequences aner.bfsuiflte modMoa«on of DNA In bfeu^treatodDNA 

^d ,0 utadfc (and hence amplified as thymines ^Z^U 

st.sk "ssr • r: pl and paui cl a — ■ 

sbsnds. PNAS 89: «CZTa a n ^ ' ndMdUal DNA 

Thus (attar b* uMte freatmant) DNA containing ,me W cytosine l^ZZ^L 



sequence ton, the conesponding unmethylated DNA. The. Frommer et al 1992 results ere 
the basis of the bisulfite method for sequencing 5-methyl cytosine residues in DNA. Several 
years later this assay was used as the basis, of a PCR assay for the methylation status of 
CpG rslands in US 5786146. Primers may be ohosen to amplify non-selectively a region of 
■ the genome of Interest to determine its methy^on status, or may be designed to seiectlvely 
, ampwy sequences in whioh particular cytoslnes were methylated (Henrtan JG. Greff JR 
Myohanen s, Nelkin BD and Baylin SB. Methylation-speciflc PCR: a novel PCR assay for 
methylation status of CpG Islands. PNAS 93:9821-9826 (1996)). 

. Alternative methods for detecflon of cytosine methylation include digestion with 
reason enzymes whose cutting is blocked by site-specific DNA methylation. foliowed by 
Southern blotting and hybridisation probing for the region of interest This appreach is 
- Iimtted to circumstances where a signilicant proportion (generally >10%) of the DNA is 
methylated at the site and where there Is sufficient DNA. usually 10 Mg. to'aBow for 
detect-on. Digestion with restriction enzymes whose cutting is blocked by site-spedflc DNA 
metoyla^n. foll0 wed by PCR emplmcatton using primers tha. flank the restrict enzynT 
s*Ks). Th,s method can utilise smaller amounts of DNA but any iack of complete enzyme 
d-gesaon for reasons other than DNA methyiatlon can lead to false positive signals. 
. Several years ago. peptide nucleic acids (PNA) in which the entire deoxyrlbose- 

o P o,r m T^ h b T° ne ^ 6XChan9ed "" h 3 SfrUC,Ura,,y "™Phous unchatged 
polyam,de backbone composed of N^-aminoethyflgiyctoe unHs have been developed (Ray 

AandNonlen a Papfldenudeicacid (PNA): Itemedicatand bto.ec*„ica, applicettons and 
for the future. FASEB J 14: 1041-1060 (2000)). 

Methods have been developed utilizing PNA Uganda for the sensitive and specific 
detect DNA which do noi require PCR amplification (WO 02/38801). Recently, a new 
DNA gand. ,n.erca,afl„g. nudeic add (INA). has been developed which has unique and 
useful properties. - 

The present inventors have developed new assays for detecting methylated cytosine 
residues in DNA using INA probes. .leacyrosine 
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Disclosure of Invention 

In a first aspect, the present Invention provides a method for detecting the presence 
of a target DNA in a sample, the method comprising: 

(a) treating a sample containing DNA with an agent that modifies unmethylated cytosine; 

(b) providing to the treated sample a detector ligand in the form of an intercalating 
nucleic acid (IMA) capable of binding to a target region of DNA and allowing sufficient time 
for a detector ligand to bind to a target DNA; and 

<*) measuring binding of the detector ligand to DNA in the sample to determine the 
presence of the target DNA in a sample. 

n-h . « 3 3SPeCt ' *" PreS6nt ,nVenti ° n Pr ° VideS 3 method for es «™«"9 extentof- 

methylation of a target DNA in a sample, the method comprising: 

(a) treating a sample containing DNA with an agent that modifies unmethylated cytosine; 

(b) . providing to the treated sample a detector ligand in the form of an .Intercalating • 
nuc,e,c acid (INA) capable of distinguishing between methylated and unmethylated cytosine 
of DNA and al.ow.ng sufficient time for a detector ligand to bind to a target DNA; and 

ll fIT? blndln9 ° f ^ det6Ct0r " 9and t0 ° NA in me sam <* e su <* »* *• degree or 
amount of bmd.ng is indicative of the extent of methylation of the target DNA. 

,n St6p (b >' »» detec ^ "gands can be used where one ligand is capable of binding 
to a reg.on of DNA that contains one or more methylated cytosines and the other ligand 
capable of binding to a corresponding region of DNA that before treatment (step 
(a))con te ined no methylated cytosines. As a sample can contain many copies of a target 
DNA, often the cop.es have different amounts of methylation. Accordingly, the ratio of 
b.nd.ng of the two ligands will be proportional to the degree of methylation of that DNA target 
n the sample The two ligands can be added together in the one test or can be added in 
separate dupl.cate tests. Each ligand can contain a unique marker which can be detected 

Z:™Z:^ Parately . ^ ^ ^ t6St " ^ « ^ —dual, 

# 

• taro* nM a A third T ' nVentfon Pr ° VideS 3 meth ° d f ° r detect '' n 9 the P—n^e <* a 
target DNA in a sample, the method comprising: 

30 cylosine; " ^ ™ ** m ° dlffeS un ^«^ylated 
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(b) providing a support to which is bound a capture ligand which is capabie of 
recognising a first part of a target DNA sequence; 

(c) contacting the support with the treated sampie for sufficient time to ailow DNA 
^Pture KganT^ ^ *** ° NA h ^ ^ WndS to the SU PP°" * the 

(d) contacting the support with a detector ligand in the form of an interesting 

air J' NA) ° f reC ° 9niSin9 3 S6C ° nd ^ ° f the ta ^t DNA sequence and 

allowng suffice* time for a detector iigand to bind to a target DNA bound to a support; and 

(•) measuring binding of the detector ligand to DNA bound to the support to 

determine the presence of the target DNA in the sample. 

me t hv , r af ° f Urth aSPeCt ' *• Present inven «°" P^des a method for estimating extent of 
methy.at.on of a target DNA in a sample, the method comprising: 

' Cosine; treat ' n9 * C ° ntalnin9 " a ° 8nt ** m ° d[fies u ™*hylated 

15 (b) priding a support to which is bound a capture ligand which is capable of 

recogmsmg a first part of a target DNA sequence; 

(c> contacting the support with the treated sample for sufficient time to allow DNA 

«X?&LT re " 9and such DNA ,n *• sampte binds to 8,9 support Vte •» 

20 nletc «* Zr* B SUPP ° rt W " h 3 deteC, ° r ,i9and *"**"»<* an intercalating 

nucleic acid (INA) capabte of distinguishing between melted and unmethyiated cytosine 
of DNA such «,a, the detector iigand binds to any fame, DNA on me support; and 

Hun, „, k* h 8 ' 60 "" 9 b """ ng °' de,eC,OT ^ '° "» su "P° rt su <* •* *. degree or 
amount of binding is indicative of the extent of methylation of the target DNA. 
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Preferably, the capture ligand is selected from intercalating nucleic acid (INA) probe 
Pept.de nucleic acid (PNA) probe, LNA probe, HNA probe, ANA probe. MNA probe 
o^onucleotide, modified oligonucleotide, single stranded DNA, RNA. aptamer, antibody, 

versions thereof. 

More preferably, the capture ligand is an INAprobe. PNA probe or an 
ohgonucleotide probe. Even more preferably, the capture ligand is an INA probe. 
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The support can be any suitable support such as a plastic materials, fluorescent 
beads; magna* : beads, synthetic or natural membranes, latax beads, polystyrene, column 
supports fllass beads or slides, nanotubes. fibres or other organic or inorganic supports. 
Preferably, the support is a magnetferbead or a fluorescent bead. 

5 The solid substrate is typically glass or a polymer, the most coramonly used 

powers being cellulose, polyacrylamlde, nylon, polystyrene, polyvinyl chloride or 
. polypropytene. The solid supports may be in me fom, Cubes, beads, discs or microplafes. 
oranyother surface suitable for conductfng an assay. The binding precesses are well* - 
known ,n are art and generally consist of cress-linking covalenfly binding or physically 
adsorbing the molecule to the Insoluble carrier. 

solid JZZTT* *"* S ' eP W COmP, ' SeS * ' ^ ?f CaR,ure ,l9ands <*>* 

same target DNA on the array or may oon.au, a plurality „, dKferen, iigands ta^etedT 
different DNA so as to capture a pluraiKy of targe, DNA molecules on the array. Typically 
the array contains from about 10 to 200.000 capture „ 9 ands. It will be appreciated 
however, that the array can have any number of capture Iigands. 

° ne tom - -«*■• oligonucteotide probes, INA prebes. or capture PNA probes can 

It , r,r" ^ ^ '° ^ b ' 3UW9 * 9ated °NA re measure methylated- • 
ata.es of DNA. Anay taohnology is „e„ Known and has been us* to detac, «he presence of 

eZd r UC 7T e 5e<,UenCeS ^ Th * P — ~ • -owed 
extend »,e usefuineas of array taohnology ta prev.de valuable informal on methyretion 
states of many different sources of DNA. nyiation 

The sampte can be any biological sample such as stem cells, blood, urine, faeces . 
semen, cerebrospinal fluid, calls or .issue suchas brain, colon, urogenital, lung. rana. 
hema.opo.ebc. breast, mymus. tesOs, ova,y, or uterus, envirenmenta. samp.es 

iTZTT baCteri8 ' V,mS ' Pr ° toZOan ' an ° *• ■» ^nra cells 

,ndude populabons of cells containing true progenitor cetls. This also appliea ,o germ eel, 

poputabons and also includes stem cells are, n.sa with somatic cells to Z, hytJd ZT 
capable of adopting a particular phenotype. . 

„™, , l " Preferred ,he 18 cells, blood, colorectal (issue, brain or 

prostate tissue. 



no. J^T. I a9e "' 13 ° aPabl * ""methylated oytosine but 

Crate. Preferably, „, agent |a ^ b . sumte eytoa)ne fe (o ^ 

5 cvtosine^ le ™" nl0di,ieS " aS USed h ^ in •» <™on of an unmethylated 
^ne. Praferably. the agent modifies unmahyfcted cvtoslne to ura* Preferably me 

ftat amrtady modrfy unmethylated oytosine. but not methyfated oytosine can also be used in 
£ nethod of the invention. Sodiun, mmi.0M.Oi reac* raadiiy witt, ^ Ibte 

to 1 a T ne ; T pooriy "* h me,hy,ated •* faslne - <*— — * - - 

fo fom, a su.fona.ed cytdsine reaction intermediate which is susceptibie to deaminatton 

measure of the degree of methylation in a given DNA. «n prov.de an accurate 

. slmo^ overcoming potemta, errors and rasuiting in a faster and more 

> s 'mple assay amenable to automation. '"nomore 

In a preferred form, the detector ligand is directed to a CpG- CpNpG- or CNG 
confaining ^ °f DNA. where N designed any one of the four po^rbaL A C or 

*• CpG " ° r CN °- «*»*. region of DNA Is in a regulat^^l 
oene or an enhancer of any regufatory element or region inciuding ploT eZT 

ac*nty s altered by enwonmental factors including chemicals, toxins, drugs radiation 
synthebe or nature, compounds and micreo^anisms or other infecbous agLtucn s 
viruses, bacteda. fcngi aM pnons . For ^ me ^ 1 be 

2T£*£ ^ " ^ 86,165 * — « — - waging nornta" 
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The presence of methylated Cp G : or CNG- containing region of DNA in a specimen 
can be indicative of a cel. functional change. The change may be a proliferative disorder. It 
can .nclude low grade astrocytoma, anaplastic astrocytoma, glioblastoma, medulloblastoma, 
colon cancer, lung cancer, renal cancer, leukemia, breast cancer, prostate cancer 
5 endometrial cancer and neuroblastoma, or disturbances in normal cell division 
differentiation or metabolism/catabolisim of stem cell populations. 

In order to assist in the reaction of the DNA modifying agent optional additives such 
as urea, methoxyamine and mixtures thereof can be added. 

Step (b) is typically used to capture a DNA of interest which will be analysed for 
10 mediation in subsequent steps of the method. Thus, step (b) allows the capture and 

sTepS tratl ° n ^ ^ intereSt - Preferab,X 3 ** ^ " ° K90nUC,eotlde > robe * Msed in 

* 

in one preferred form, step (b) comprises a pUrrality of caplure ligands arrayed on a 

15 ^IrTnJT ^ ^ COMa " 1 mi " Up,e 0,0,8 liaan ° ~ - *> capture me 

. PluraMy of different capture ligands targeted to different DNA motecuies so as to capture 
many different target DNA samples on the array for subsequent testing. 

In step (d), two detector ligands can be used where one Ijgand is capable of binding 

20 l a Z™ T ' hat °"°°" mK me * ,y ' a,ed «*"*- a "° «• **°nd "Band is 

» cabbie o, b,nd,ng to a cdn-espondlng region of DNA that contains no methylated cytokines. 

of ml , r T* ma " 1 ' ~ Pl6S °' 3 ' a,3e ' ° NA "» 0013168 havi "9 -I*** counts 

2 Z Tl ? CCOra ' na,1 '• ^ Dindln9 " * e *" » 9ands «■ * •"•»*»- to the 
degree of methylabori of taat DNA fe^et in the sample. The two ligands cen be added 

together ,n the one test or can be added in separate duplicate tests. Each ligand can have 
25 an unique marirer which can be detected concurrency or separately in the orie test or have 
the same marker and detected individually in separate tests. 

_ blndi " 9 °" he de,e0l ° r " 9and '° a ««* DN * P-^rably the ligand 

elt^T T ateChea ,here, °- ^ P ™ * b ° Und ,abal bai "° ~ a - » a 

30 e a r , ° ,b '" d ' n9 H 0ftt,eli9an<i - ^^is. include m.orescence.radiaacivi^ enzyme.- 
30 hapten and dendrimer. y ' 

* * 
* 

The detector ligands used in the .nventlen for detecting CpG- or CNG^ontalnlng 
DNA in a sample, after bisulfite modificafion. can specifically distinguish between untreated 
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S^TT T Unme,hyla,ed ^ ^ me * oligonudeodde or 

PNA or INA probes forthe ndrwnefhylafed DNA preferably have a T or A in the 3' CG or 
CNG pal r to distinguish It from the C retained Hi methylated DNA. 

one JZZT " deS ' 9ne<i * 1,6 ^—--V complementary to 

Th,smeans that me pnmere shouk. be sufficiently complementary to hybridize with a 
o^bT 7 T Under COnd ' 80nS WWCh a ' IOW bi " dl ^ "> °«- -res. -e 

KS: sufflden ' ^ * - - - * — -w *> 
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to the art. 



The INA prebes of the invention may be prepared using any suitable method known 



) 



tame, dUI * ** ^ <° states of 

targe. DNA can use any DNA sample, in purified or unpurifled torn,, as the starting materia, 

ZT " b ° ,COn,alnin9 ' - «"<* <™ nuance oonta^l 

L meZ" ? " CNG> ' °" e PrefSTOd fo ™' — * -Pies areZ, n 
the methods according to the present invendon. reuseam 

INA mixtures or specific INA motecutes could be used in an amplification enrichment 

ZZ£T? T de,eCtor »~ - -»« ~— of of INAs «Lt 
used for specific or random amplification of bisulphite-Ireated DNA 

The DNA-conteining specimen used for detection of methylated CpG or CNG mav be 

Z2 eXT 6X,raC,ed * 3 "** «* — «« — de^tZy 

mm£* el (Molecutar Cloning: A Leboretory Manual. Cold Spring Hareo, N.V.. pp 280 

Where (he DNA in the sample contains two strends, it is necessary to separate the 

,. u simultaneously w.th chem/cal treatment. This strand separation can be 
eZl r S T ri ° US denalUrin9 * < ^ W or 

separate* DNA strands involves heating the DNA unffl it is denatured. Typical hea. 
denature,™ may involve temperatures ranging frem about 80" to lore for times renoino 

ZT^:: 0 :^ SePara ' i0n ™" 3,50 " *— ^n ~ 9 Zhe 

class of enzymes known as helicases or By me enzyme RecA. which has heiicese acdvlty. 
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and in me presence ofrlboATP. Is known to denature DNA The reaction conditions suitable 
for stand separation of DNA with heiresses were described by Kuhn Hoffmann-Beding 
Quantitative Bioiogy. 43:63, 1978) and technfaues for using RecA were reviewed In C. 
Kadding (Ann. Rev. Genetics, 16:405-437, 1982i 

* 

' The detectabte label may be fluorescent, or radioactive or contain a second 

tebel or martrerln the fore, of a microsphere, or nanoaystal. The fluorescent or radioacflve 
micresphere or nanocrystal may be covalentjy bound to the capture or detector ligand. 

.r?^ °' hybridizatlon to ««S«t DNA Is used to discriminate 

between methylated eytoslnes and unmotivated cytosines. 

Msny suitable fluorochremes that bind to DNA, some selective for single-stranded 
DMA, and mat differ in thelr excitation and emission wavelengms were Known The 
detection system could also be an enzyme canying a positively charged' region that will 
select,^ bind to the DNAand ma, can be detected using an enzylc assay. T a 
po^vely charged radioactive molecule .ha, binds selecflvely to the captered DNA The 

ZTjZTV°° 66 C ° refehe " —nductor nanooystels (genon eta, 

2002 J Am Chem Soc 24:7070-7074). 

• ■ Using INA probes as one of the ligands in this procedure has very significant 

aldelT OV6 T e ^ ° f ^ binding reaches equiiibrfum faster 

and exh b,ts greater sequence specificity and, as INAs carry one or more intercalating 
groups, they bind the target DNA moiecuies with a higher binding coefficient than other 
ngands such as o.igonucieotides or PNAs. The binding characteristics can be modified by 
choosing different numbers of intercalating groups to ad to the INA. 

mea „ ^ ' nVentl0n ^ dlreCt deteCtl ° n meth ° dS ' 9 ive a — accurate 
plZr e r°T! ° f 3 ^ ° m ^ 3 "ere not confounded by 

l™TZT n «rr r moh,y used in such procedures ^ 

through deferential rates of amplification of different sequences. . 

CPG orCN^ T 01, ^ ^ * * ~ted 

CpG- or CNG-conta.n.ng DNA. the method comprising: 



(a) 



cytosine to uracil in the DNA; 



treating a sample containing DNA with bisulfite to modify unmethylated 
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(b) providing to the treated sampfe a detector INA ligand capable of 
d.st,ngu,sh,ng between methylated and unmethylated cytosine of DNA* and 

of the dltor 6 " 6thy,ated ^ °" *° ~ - — - - — ! 

• . * 

In one preferred from, the method comprises: 

■ cytoJ* JT" 3 DN ^-**".~" ■* bteufflte to mod* unme^ted 

meth Jed cnT*^ ^ ^ ^ 8 d6,eCto ' ' i9and Capable °* **« <° * 

. Preferably, the detector ligand is an INA probe, 

m ' '"'P^ed from, the invention provides a method for estimating extent of 
mettylafon of a tatge. DMA In a sample, the memod compdslng: 

cytosJt U ra7 0n9 "■ ^ Mn ' ainin9 * ^ to — " 

• ■ 

captura'l or r'* 9 , 3 S °" d ^ ,nmefWTn0,a W "ead to which is bound a 

♦ 

tame, d'na su.Tr,? 9 7 ^ "* *" -"* - draining the 

. tag* DNA such that target DNA in the sample binds «o the supped via the capfcre ligand- 

(d) contacting the support with a detector INA ligand capable of distinguishina 
between methylated and unmethylated cytosine of DNA; and ***M*n B 
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mea JH *" * methy,a,,0n * *• 0NA bound <° ■» by 

measunng the amount of bound detector ligand. . . w 

In a sixth aspect, the present invention relates to use of an aoent that mnHir 
cvtos,ne of DNA ,n methods for assaying mediation of target DNA. . 
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There are e number of detector systems end Instruments evailabte for detecting or 

ZZmrT 9 " 08 ° r radl ° a0tlV " y - ' m — "* - advancement m insmtmentotion 
am being made by a number of manufacturers. * win be appreciated that many different 

5 edfor ' hePreSen,inVen " 0n - For example, Multi Photon 

Detection « a propnetary system for the detection of ultra low amounts of setected 

radioisotopes is 1000 foid more sensNive man existing methods. ., has a sensiMy of 

lOOOatomsof.od.neias.withquantltationofzeptomoteamountsofbiomatenals it 
requ,res less man 1 pieoCurie of isotope.which Is 100 times less activity man in a glass of 
water. A family of MPD Instromente elready exists for measuring radioLvKy in a sampte 
They consist of Instruments mat are configured for 96 well. 384 well and higher. MPD uses 

~' mU, 7 a "" el «— *W— coupled witri computer control etec^Tto 
setecbveiy count only those photons (ha, are compaUbte wflh an operetor-selected 
radioisotope. As many different isotopes can be used, this is a multicolor system The 

"rt*™' 5 ^ 1 ™*™ 8 "*^ 3 ^^ su* 

^memabon would be particutarty suflabie in me detection pad of me present inventton 
where llgands or supports are made radioactive. 

Beads containing capture or detector llgands bound thereto can be processed of 
measured by ce» sorters which measure fluorescence. Examples or suitable instromems 
include flow cytometers and modjfled versions thereof. 

uo a „„ « aCCOrt ' n9 *° PreSen ' inVen "°" are ■*«• for soanng 

up and automation for processing many samples. . 

such am^r™"" 9 T ^ *" me ' h0dS ra " " e ^ in •"*»*» «** 

.such amplifloabon procedures if « is hecessa^ to amplify limiting aroounta of DNA in oroer ' 

provide enough material for detection. 

Me,„y.a,ed 6NA: in a particular adaptation as detailed in me present invention, the 
methods can be used to disflnguish the presence of methylated cytokines in DNA that has 
^ treated wtm sodium blsuifite. As cytosines were converted to ureds white mX 
cytosmes rema,n unreacted, the sequent of bisulflte-treated DNA derived from mediated 
and unrelated molecules is dKferem. By choosing a specific INA iigand ,4^00 

ZS1 P T rab ' y 5 reSWU6S l0n8 ' 10 Se ' eC,ed -b speciflaty of 

hybridisation can be used to discriminate between methyiated cytosines e« Cp£ or CNG 

sites (which remain as cytosines, and unmethyiated CpG or CNG sites where the cZine is 

* * 
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inverted jo uracil wMie ensuring only mMm ,„ ^ ^ 
C P G or CNG ertes have fully reacted and been converted to uracils were assessed. 

Methylated cytosines at other sites can similarly be detected. Apptoprlate INA 
ptobes can be used as controls to identify the presence of molecules that have no. reacted 
5 Wetywimbisuime^neormotacytosineanotconvertedtouracl,, nZte 

ZT, nl hOWeV9r ' ** 0<hef WhlCH ra " <«"—•**—. *a mention 

states of ONA can be used in a similar manner. 

The methods were amenable for use in a variety of fonmats induding multiwell 
10 *"' °^ anayS and partictes in «"■»"—. The apprepriate 

detemtmabon of toe methytatlon state of individual cytosines In multipta tatge. regions 
Polymon-tsmfmutaaon eplmutatlon detection: The methods according to toe present 
. ,nven„on can be applied to toe discrimination of dflerent alleles of a gene !here toe 

DNA Quantif.cat.on: By using toe methods accoreing to toe present invention. I, is possible 
ta d,rec«y determine witoin a ONA populate toe preplan of molecu.es having one 
sequence versus another at a particular region. This can be done by coupling .Lds 

w,to drfferently coloured fluorochremes. nano.ystals or redloactive molecu.es. Such 

ZZT r qUenCe " e dlfferBnCeS *• 0riaina, base « <*> geneor 

Mnn. „ base sequence in bfeuKte-treated DNA that were due to difference! in 
methylation in the original DNA. 

Cell quanflflcaUon: The methods can be applied to detenmlning toe retfo of cells in a 

znr ™" me,hod5 "~ amenabie ,or use in a * ^ *— * 

ptate murreys. «ber opbe anaye and partictes in suspension. The appropriate 

mtZir . ? Pre8enCe " dWerent DNA Se " uences ' » f ° r ^termination of the 
methylabon state of Individual cytosines in multiple target regions. 
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* » 

. Throughout Ms specification, unless the context requires otherwise, the word 
comprise", or venefions such as "comprises" or "comprising", wil, be understood to imply 

"T" e,emen, • "^roup of eiemehte. integers orste^bu, 
noUhe exciusion o, any other etement, integer or step, er group „, elemente. integers or 

been Jl^T" " "* artCteS <* «■ *» "as 

been included ,n the present specification is solely for the purpose of providing a context ,or 

form par, of the pnOT an base or were common general knowledge in the field relevant to L 
~ 38 * h *— ' **** -P** date of each Calm of Z 

# * » 

In order that me present; invention may be more clearty understood, preferred forms 
will be described with reference to me following drawings and examples. 

Brief Descr iption of th» Drawing g 

nu C , JT^ ! Sh ° W " ^ ° f d,fferent b3Ckb6ne m ° nomer units of nuotaoUd* and 

iS^nr T ^ C ° nneCted t0 - nUC,e0baS6S Via «- « are • 
attached at one or two pos.t«ons of the backbone monomer unit 

Figure 2 shows general structures of suitable acyclic backbone monomers 
Figure 3 shows suitable acyclic backbone monomer units. 
Figure 4 shows preferred intercalators. 
Figure 5 shows preferred linker chains. 

Figure 6 shows preferred INA molecules '(intercalator pseudonucleotides) 
F-gure 7 shows an INA (intercalator pseudonucleotide) preparation scheme. 

1 , 2 -diol a ' tematlVe Synth6SlS PrOC6dUre f ° r ^•Pyreny.methpxyj-propane- 

rt , m , T h T! 8h ^ s ^ metors ^ , '^ lsof,he2 - o -p hos P ho ^'teofi-o-.4-- 

d,metoxytntyl-4-O.(g^ntracenylmethyl)ii.2,4-butaneW0l 

Figure 10 shows scheme for synthesis of me Phosphoramldite of (SM-<4 4'- 
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Figure 11 shows a general overview of sandwich signal amplication methodology 
using INA probes for detection of methylated DNA. 

Figure 12 shows a general overview of sandwich signal amplification methodology 
using INA probes and magnetic beads for detection of methylated DNA 

5 Figure .13 shows part of the nucleic acid sequence of the GSTP1 gene and 

methylation states of that gene region. 

■ 

Modefs) for Carrying Oi jj t he Invention 
DEFINITIONS 

ft • • 

■ 

10 Nucleic acids 

The term "nucleic add" covers the naturally occurring nucleic adds, DNA and RNA 

D^A Z ZT aCk ' i ana,09UeS " «— <™a «— » occnfng nuolete adds. 

DNA and RNA, as we,, as synthetic analogues of naturally occurring nudeic adds. 
Synthetc analogues comprise one or more nudeotide analogues. . The term nudeoBde • 

bactr H deS t' nUCle0,, ' de ana,09UeS ^ ° Tbeln9 *»~ «» - —o acid 
backbone and capable of specific base-pairing (see below), essentia,* „Ke natural* 

occurring nucleotides. , y 

which 2 T I* ' " nUClelC aClQ " " " nUClei ° ^ anal09UeS " desi 9" ate - W ~e 
wh,ch essen„a,ly consists of a P ,ura,ity of nudeotides and/or nucleotide analogues and/or 

rnterca ator pseudonudeotktes. Nucleic adds or nudeic add analogues useful for the 
present mvenbon may comprise a number of different nudeotides with different backbone 
monomer units. e 



h„ h vr r ^ 9,6 °' nUCte,,! aCidS " nuclefc «*• analogues are capable of 

hybnd«,ng wnh an substantia,* complementary single stranded nudeic add and/* nudelc 
acrd analogue to form a double stranded nudeic acid or nudeic add anaiogue. More 

thTZh^ hT 3 ?" bte S,ranQed anal09Ue ,S ^ 0,fom,ina a **» «*■ "•«**. 

double hehx selected from the greup c^sissng of double helices of A form, B form z form 
and intermediates thereof. - 



indud* TT "T 0 ^ ^ nUC,e, '° ^ anal08UeS Useful ,or *• * ^ntion 
iddude, bu, ,s no. „mKed to DNA. RNA, LNA, PNA, MNA, ANA, HNA and mitres hereof 
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and hybrids thereof, ae we,, ^ phosphorous etom modMcadons thereof, such as but not 
tated to phosphorothloates. methyl phosphola.es, phosphommidites, phosphorodithiates. 
• Phosphoroselenoates. phosphotriesters and phosphoboranoates. In addition non- 

5 ^T"^^ COmPOU " dS ^ " e f ° r " nkin9 to nudeoMes *"* - but no, 
^n^n^n^,^ tate , ftto ^ t ^ and|jnking 

an,des. in part,ou,ar nudelc aoids and nudelc acid analogues may comprise one or more 
intercalator pseudonucleotides. 

• * 

VWthin this context -mixture" is mean, to cover a nucleic acid or nudeio add anatogue 
to wdh,n <h,s context, "hybrid' is mean, to cover nucleic acids or nucleic add analogues 

Zs^'h" 9 r S,rand " W * ° 0n,Pr ' S?S nUCle0,lde ° r nUCteoU<,e ™'°»>° «* -e or mo re 

2 m IT? 7 an °' her "™" > Wh '° h ~ mprises nude <* ida OT ■»*«*•• -nelogue 
with different kinds of backbone. 

1995. By MNA,s mean, nucleic acids as described by Hossaine,al. 1998. ANA re fe re ,o 
WO 99/14226 <Ex,qon>. preferably. LNA is selected mom the molecules depicted in me 

TZ TT\T More pre,erab,y - LNA ls a nudelc acw as — ^ ■» C - 

20 a ';^ l ^ hk,n " aU998OTOb ''«e,a l ..1997. PNA re fe reto peptide nudeicadds as 
20 for example described by Nielsen e, al, 1991. 

The term nudeodde designates toe building blocks of nudeio acids or nudeio add 
anatogues and toe term nudeo«de cove* naturally occunlng nudeoudes and derivadves 
toereo as well as nudeoddes capable of performing essendally toe.same funcdons as 
nasally occurring nudeoddes and derivatives toereof. Nah^lly occurring nudeoddes 
compnse deoxynbonudeoddes comprising one of the four maih nudeobases adenine (A, 
toym,ne (T). guanine (O) or cytosine (Q. and ribonudeoddes comprising on of the Zr 
nudeobases adenine (A), urad, <U). guanine (G) or cytosine (C). In addidon ,o toe main or 
common bases above, otoer less common na,u ra „y occumng bases which can axis, ,„ 
^ some nude,cadd molecules Indude o^etoy, cytosina (me,-C) and 6-metoy, adenine (me,- 

Nucleotide analogues may be any nudeodde like molecule ,ha, Is capable of belna 
■ncorporated Into a nudelc add backbone and capable of spedflc base-palring 
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Non-naturally occurring nucleoHc.es includes, but is not limited to the nucteotidee comprised 

«m» DNA, RNA. PNA, HNA, MNA, ANA, LNA, CNA, CeNA, TNA, , 2 ,NH,-TNA. W 
TNA. a-L-Ribo-LNA, a-t-Xylo^NA. P-D-Xylo-LNA, a-D-Ribo-LNA, P.2.1RNA. Bicydo- 
DNA, 6-Amrno-Bicyclo-DNA, 5-epi-Bicyclo-DNA, o-Bicyclo-DNA, Tricycio-DNA 
a B,cyc,o t 4.3..*DNA, B,cydot3. 2 .1H>NA. Bicyc^.^amide-DNA. p-D-Ribopyranosyi-NA 
a-L-Lyxopyranosyl-NA, 2"-R-RNA, e-L-RNA or a-D-RNA, /J-D-RNA. 

The function of nucleotides and nucleotide analogues is to be able to interact 
specially W»h complementary nuc.eo.ides via hydrogen bonding of ,ha nucteobases of me 

I ZTTT' ■ S " " * b8 ^ to "* inC °"' 0rated "» a «"* acid or 

as weH-as some nucleotide 
anaiogues are capable of being enzymatically incorporated into a nudeic add or nucieic 
acd analogue, for example by RNA or DNA polymerases. However, nudeotides or 
nucieobde analogues may aiso be chemically incorporated inte a nudeic add or.nudefc add 

Furthermore nudeic adds or nudeic acid analogues may be prepared by couplino 
**o smalter nudeic acids or nudeic add analogues to another, for elple mts m^ 
done enzymatically by ligases or It may be done chemically. 

nud^T 68 " nUCte0Ude ana! ° 9lMS 3 «"*"■» "*>°°™ ""it and a 

nudeobase. The nudeobase may be a naturally occurring nudeobase or a derivative 

ZTrT" "TT ^ ^ °' PerfOrmin0 —** *• — The 

nttol! ^ to bS ^ * - one or more outer 

nucleobases v,a hydrogen bonds. Thus . isan important featura of a nudeobase mat « can 

tarn stebte hydrogen bonds with most other nucleobases usua»y Including itself The 

of one.nudeobase with another nudeobase Is genejy teL 4e- 

- The base pairing results In a specific hybridisation between predetennlned and 
complementary nudeotides. Complementary nuoteoOdes are nucteoMee ma, Ipl 
nucleobases that are capable of base-pairing. smatcompnse 

or uradUUV 33" " T* ""^^ (A, pairs w«h fhymine (T) 

uracrl <u>. and guanme (G) pairs w«h cytoslne (C). According,,. a nucleoHde oonwising 
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A is comptementary to a nucleobde comprise either T or U, and a nucleobde comprising G 
Is complementary to a nucleolide eomprisingc. ' COmpns " 19e 

The nTT* ^ te de,1Va8Sed '° ^ an ocular en«y. 

The nucteobdes oan be derivabsed on the nudeobases or on the backbone monomer unit 

p^LToT 8 : f .r ausaoon m - bases indude 916 8 ^ - -££r 

pos to ofu ra c,l. m e5-ore^, ti onof= yto sina.andthe7-pos Hto not 9 u a nine The ' 

^TaLT Tr 66 9ra,Ped * *~ ^ ciasses Hnhanoedle 
W. addtbona. hydrogen bonding, and the «mbinabon of mese olasses. Mo d ffl ca«ons 
that enhanoe base Poking by expanding the „-elecbon ctoud of me planar systems are 

ZZ7 7 7 ~° nS - of pydnTn^Tn 1 7 . 

,nir 7 - deaZ ^ UnneS - Subsd'uUons ,n me 5-posttlon of pydmidinas modtfioaubns 

Zttl I PUnn8S ' n ° IUd " ^ ""W"* and 9™** " 's also possibte to 
TIT 6 T 8 "^ 0 " ° f CytoS " ,e ,TOm 10 *^-«*— hetet^otes aX 

se^d L ,T WWCh <™ W> (cytostne otamps, A 

■MM I ammo group provides another hydrogen bond in me A-T base pair analogous to 

combmabon of effeds are mpresented by W7W^™« JLe and me 
bK^o oytosrne analog having an ethoxyemino functiona, group o, hetenZZ 
^hermcre. N2 -modined 2 .m*o adenine modffled dfconudeobdes are am g^onty 
modfcabons. ^fened siles of derivabsabon on ribose or deoxyribose moiebj anT 

Z££ C ^ ^ - ™— *» Ceding 

m^Z, ! . ' ^"ant of sugar oxygen, (M-. anhydro sugar 

ZETt T reSWC,6d) ' CydOSU9Sr "^canons (obnfb Jbona. 

C-2 to C-5 netero-atom ring _ suga(s antf modfflcabons 

However, other sites may be derivabsed, as tong as ma ove rall base paHng sZ^LTa 

i ™ ssirr r r ,ed - ^ - 1 J * r: — 

be derivabsed. " ^ °' baCkb0na "»™« "* ™V 

essen«a° l ™°°T < " i90nUC,e0, ' d9 ana ''° 9Ue 35 USad harei " « -otecutes ' 
essenbally conslsbng of a sequence of nudeebdes andfcr nudeobde anatogues and/or 
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interior pseudonudeotldes. Preferab* oligonucleotide or oHgonudeot.de analogue 
comprises 5 to 100 individual nuoleotjdes. Oligonucleotide or oligonudeotide analogues 
may comprise DNA. RNA, LMA. 2'-0-methyl RNA, PNA. ANA, HNA and mixtures thereof, a! 
well as any other nucleotide and/or nucleotide analogue and/or Intercalator 
5 pseudonudeotide. 

* 

ft 

Corresponding nucleic acids 

Nucleic adds, nucleic add analogues, oligonucleotides or oligonudeotides • 
analogues are considered to be corresponding when they are capable of hybridising 
"^fereb* contending nucleic adds, nucleic add anatogues. oligonudeotides or . 
obgonudeoMes analogues are capable of hybridising under tow stringency conditions, more 
preferably corresponding nudeic adds.,nucleic acid analoguas. oligonucleotides or 
o,,gonudeotldes anaiogues are capabie of hybridising under medium stringency conditons 

15 o.,gonudeot,des analogues are capable of hybridising under high stringency condibons. . 

H,gh stringency conditions as used herein shall denote stringency as nomtally 

7TZTTT" "* S ° Umem b ' 0,ang and *»■-■« - "escribed e g. by Southern 
E M.. 1975. J. M ol. Bio.. 88:503-517. For such purposes « is reutine precise to InduT^ 
stops of prehybrid^on and hybridan. Sud, steps are norma,* performed using 
0 solubons „n a,n,„g 6x SSPE,5% Denhamfs, 0.5% SDS. 50% fomtamide. 100 pg/m, 

^C anTo i " KUbM °" W 18 ^ * 420C »- ^ * 2* 

0 5* SDS T h , ( ,T? ,emPera,Ure ^ * 3m and — «* «"« *C and 
OS/„ SDS (,ncuba tra n at 68°C for 30 mln). as described by Sambraok et at, 1089. In 

5 XL ^ Lab0ra, °* ManUa '" ^ **» ^ WWch fe -n-tod hereto 

Medium stringency conditions as used herein shatl denote hybridisation In a buffer 

1* MM of each nuc,e,c add or nuctoio acid analogue stand is prevlded. AKematily 
™ S HruTnT ^ hybrid,Sa,i ° n a buffer ^Nng 50 mMKC.,0 mm 

TRIS-HCI ( P H 9,0), 0.1% Triton X-100, 2 mM MgCI2 . 

m M NaX^ den °' e hybrtd,Sa "° n *" 3 *"* ~ 9 1 M 10 
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or <*J*7T*' C ° rreSPOndin9 nUde, ° ackte ' ""**= analogues. oligonudecides 
or ol,gonudeobdes, nucleio add analogues. oligonudeottdes or oBgonudeotides 

21*! COm , P ' e ' nen,a ' y to "* «" - *» sequence, suoh as mora than 70% 
c^ptan*^, for example more than 75% complementary, sudvas mo re than 80% 
comp lementary. for example more man 85% complementary, such as mere than 90% 
complementary, for example more than 92% complementary, suoh as mo* than 94% 
comp lementary, for example more than 95% complementary, such as more than 96% 
complementary, for example more than 97% complementary, 

nud» Jr?"* *" 9,Ve " SeqUem * " a ' ISaSt 10 nudeo,iaes ^ such - * leas, 15 
nudeohdes for example a. leas. 20 nudecides. such as at least 25 nudeo«des. for 

example at least 30 nudeobdes. such as behveen 10 and 500 nudeobdes, for example 
be,ween ,0 and 100 nudeobdes long, such as oe^n 10 and 50 nudeo«desZ ^ 

cole T SP ° nd,n9 <*■»*<«« or o„ g onudeo«des anafogues are subsLally 
complementary over their entire length. 
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Cross-hybridisation ' 



nudele ^1 ° , ° SS - hybrid,Sa,ion ™™ ""'"tended hybridisation be,ween a. teas, two 

ZSLTVIT" ana,0SUeS - ^ ' he " m «»•***-■». may be used fo 
das^be me hyb„d B a«on of for exampta a nudelc add pmbe or nudeic add analogue 



Oflen ooss+ybr^on occurs between a probe and one or more conesponding 
nTl Z r^' **" mOU9h ^ 6 ,OWCT ° f eomplementari^ than L 

bZllTh h ^ ^ ' aSl ann6a,in9 C -W™-tlon also occu* 

by hydrogen bonding between few nucleobase pairs, e.g. between primers in a PCR 

reacbon. resulbng ,„ primer dimer formaOon and/ or formation of unspedfic PCR' products 

„„H T"*."** C ° mpriSi " 9 ""e or mors nudeetfde analogues with high affinity for 

nTZZ pT """ ** ^ '° '° m ° lm6r ° r W9h6r ^ « ^d 
2 O n^™ COn,PriS " ,fl nUd60 '" ,e a " al09UeS SUC " aS ' « «* »""<en <0. LNA 

^^hyiRNAandPNAgene^iyheveehighamn^forhybridisingfo^er 

oieonudeobde anafoguee comprising backbone monomer uni,s of ,he same Cpe. Hence 
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even though Individual probe molecules only have a low degree of complementarity they 
tend to hybridize. 



Self-hybridisation 



The term self-hybridisation covers the process wheteln a nucleic add or nucleic acid 
analogue molecule anneals to itself by folding back on Itself, generating a secondary 
structure like for example a hairpin stmcture. or cne molecule binding to another identical , 

to 1 . a99re9a ' i0n ^ "»■«*•• ™« aPP«ca«on, . is o, importance to 
10 TT, S * hybnd ' 2a, ' 0n - *■*«»"* - rtybridzanon can also incase background signal 
10 and Importantly debase the sensitivity of molecular biofogical methods or assays The 
generatton of secondary stmotures may inhibit hybridisation with desired nucleic acid taut 
sequences. This b undesked in mos, assays for example when the nucleic add or nudel 
acd analogue ,s used as primer in PCR reactions or as fluorc.phore/ quencher labelled 

,5 f ° r , eX0 " UC,eaSe — — » -If-hybridisation will inhibit hybridization to 

15 the target nucte ,c acid and additionally me degree of fluoropho* quenching in the 
exonuclease assay is lowered- 

Nucleic acids comprising one or more nucleotide analogues with high affinity for 
nucteot.de analogues of the same type tend to se.f-hybridize. Probes comprising nucleotide 
analogues sue* as, but not limited to. LNA, 2^-methyi RNA and PNA general* have a high 
» affin,ty for se ^hybridising. Hence even though individual probe molecules only have a low 
degree of self-complementary they tend to self-hybridize. 

Melting temperature 

•^"9ofn U ctate^ rB Wto l t» M p -a ^M tto ^ 8lni ^ 80tado 
. sbanded nudeic acid molecule. The melting ,empe ra ,u re (T m , denotes the temper in 
degrees cels,us a, which 50% helica, (hybridized, versus ooil (unhybridfeed, fonns a re 
present. 

* 

hloh jXT r"'" 9 ,empBra,Ure ,s indira,ive 1 * complex and accorfing* of a 

2 *2 , , r e indMdua ' s,ranas - *-** 3 ' 0W ^ -"P— • "3 W— 

of a redely low effing between the indMdua, sbands. Accordingly, usually sbong 
hydrogen bond,ng between the two strands results in a high melting temporal. 

t 



22 



Furthermore, intercalation of an intercalator between nucleobases of a dbuble 
stranded nucleic add may also stabilise double stranded nucleic acids and accordingly 
result in a higher melting temperature. 

In addition, the melting temperature is dependent on the physical/chemical state of 

the surroundings. For example the.melting temperature is dependent on salt concentration 
and pH. 

The melting temperature may be determined by a number of assays, for example it 
may be determined by using the UV spectrum to determine the formation and breakdown 
(melting) of hybridisation. 



Intercalating nucleic acid (INA) or intercalator pseudonucleotide 

intercalating nucleic acids (INA) are also termed intercalator pseudonucleotides in 
this specification. 

9 

Pseudonucleotides or polynucleotide analogues comprising intercalators and having 
one or more of the following desirable characteristics: 

Intercalate into the double helix at a predetermined position; 

I. Substantially increase the affinity for DNA; 

M. Inhibit or decrease self and cross hybridisation; 

"I. Discriminate between different nucleic acids, such as RNA and DNA- 

m 

IV. Substantially increase the specificity of hybridisation; 

V. Increase nuclease stability; 

♦ 

VI. « Enhance strand invasion significantly; 

VII. Show a change in fluorescence intensity upon hybridisation. 

• ■ » 

An intercalator pseudonucleotide has the general structure: 



X-Y-Q 



wherein 
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, X is a backbone monomer unit capable of being incorporated into the backbone of a 
nucleic acid or nucleic acid analogue, 

* 

Q Is an intercalator comprising at least one essentially flat conjugated system, which 
is capable of co-stacking with nucleobases of DNA; and 

5 • Y is a linker moiety linking the backbone monomer unitand the intercalator. 

has the general structure: 
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X-Y-Q 
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10 wherein 

• • » 

X is a backbone monomer unit capable of being incorporated into the backbone of , 
nucleic acid or nucleic acid analogue of the general formula, ^"f* 2 !^ 

* 

m * 

* 

wherein n = 1 to 6 
. Ri is a trivalent or pentavalent substituted phosphor atom, 

R 2 is individualfy selected from an atom capable of forming at least two bonds. R 2 
optionally being individually substituted, and 

■ 

* • 

Re is a protecting group; 

m 

Q Is an intercalator comprising at least one essentially flat conjugated system which 
is capable of co-stacking with nucleobases of DNA; and 

Y is a linker moiety linking any of R 2 of the backbone monomer unit and the 
intercalator; and ' 

wherein the total length of Q and Y. is in the range from about 7 a to 20 a 

When the intercalator is pyrene, for example, the total length of Q and Y is in the 
range from about 9 A to 13 A, preferably from about 9 A to 1 1 A. 
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By the term "incorporated into the backbone of a nucleic acid or nucleic acid 
analogue" is meant that the intercalator pseudonucleotide may be inserted into a sequence 
of. nucleic acids and/or nucleic acid analogues. 

5 "ft.* Byt "l term ^^^ 
5 the conjugated system are located in one plane. 

By the term "essentially flat conjugated system" is meant that at most 20% of all 
atoms .ncluded in the conjugated system are not located in the one plane at any time. 

with ovlTJT BC ° niUgated SVStem " 18 ^ 3 Unlt «"***« che ™~« bonds 

w,th overlap of atom.c p.orbitals of three or more adjacent atoms (Gold et a, 1 987 

Compendium of Chemical Terminology, Blackwel. Scientific Publications. Oxford, UK). 

Co-stacking is used in short for coaxial stacking. Coaxial stacking is an energetically 
fevomble structure where flat molecules align on top of each other (flat side against fla sTd e) 

1 2* TO T°: ^ 3 StaCk "" ke C °- SteCkfng re ^ ires between two 

P -electron clouds of individual molecules. ,n the case of intercalator pseudonucleotides H 

stack,ng with nucleobases in a duplex, preferably there is an interaction with a pi eteln 

an ; PP r ite ^ ^ Preferab,y th6re is *te-c*on.w1th pi electron systems 
on both strands. Co-stacking interactions are found both inter- and intra-mblecuiady For 
example nucle.c acids adopt a duplex structure to allow nucleobase co-stacking, 

20 Backbone monomer unit 

Any suitable backbone monomer unit may be emptoyed. The backbone monomer 
un . oompnses the par. Can intomaiator pseodonucteohoe that may be incorporated! the 
lor r ^° nUC,e0,,de " a " ana^ue. ,n addiUon. L backbone 

omi r h ^ T^" °" M ^ ' eaVin9 9roUpS - •"*<*« and/or reacbve 

9n.ups wh.ch may be removed or changed in any way during synthesis or subsequent to ' 

InoTr 17 O " 90nU0,eOHde " «*«---«. -aiogue composing the backbone 

and „ dll^r m ° n0mer "* "* iTClUdeS b8ckb0TO mon °™' 

and * does not mctude. for exampie. a linker connecting a backbone monomer unit to an 
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Accordingly, backbone monomer units only include atoms, wherein the monomer is 
incorporated into a sequence, are selected from the group consisting of 

atoms which are capable of forming a linkage to the backbone monomer unit of a 
neighboring nucleotide; or 

« 

> atoms which at least at two sites are connected to other atoms of the backbone 

monomer unit: or 

atoms which at one site is connected to the backbone monomer unit and otherwise is 
not connected with other atoms. 

■ 

Backbone monomer unit atoms are thus defined as the atoms involved in the direct 
nnkage (shortest path) between the backbone Phosphor-atoms of neighbouring nucleotides 
when he monomer is incorporated into a sequence, wherein the neighbouring nucleotides ' 
are naturally occurring nucleotides. 

The backbone monomer unit may be any suitable backbone monomer unit The . 
backbone monomer unit may for example be selected from the group consisting of the 
backbone monomer units of DNA, RNA. PNA, HNA, MNA, ANA. LIMA, CNA, CeNA TNA 

T^lTf' mhTNA ' a " L - Rlb0 - LNA ' ^-Xylo-LNA. P -D-Xy,o-LNA, a-D-Ribo-LNA, ' 
[3.2.1RNA. B,cyclo-DNA, 6-Amino-Bicyclo-DNA, 5-epi-Bicyclo-DNA, a-Bicyclo-DNA 
Tncyclo-DNA, Bicyclo[4.3.0j-DNA, Bicyclo E 3,2.1]-DNA, BicydoRS.OJamide-DNA p-D- 
R.bopyranosyl-NA. a-L-Lyxopyranosyl-NA, 2'-R-RNA. a-L-RNA or a-D-RNA, fi-D-RNA. 

Figure 1 shows a range of different backbone monomer units of nucleotides and 
nucleotide analogues, and how they are connected to the nucleobases via linkers that are 
attached at one or two positions of the backbone monomer unit: 

nM4 . T ^ baCkb ° ne monomer unit of LN * docked nucleic acid) is a sterically restricted 
DNA backbone monomer unit, which comprises an intramolecular bridge that restricts the 
usual conformational freedom of a DNA backbone monomer unit. LNA may be any LNA 
molecule as described in WO 99/14226 (Exiqon). Preferred LNA comprises a methyl .inker 
connectmg the 2'-0 position to the 4»-C position, however other LNA's such as LNA's 
wherein the 2' oxy atom is replaced by either nitrogen or sulphur are also comprised within 
the present invention. 
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The backbone monomer unit of intercalate.-, pseudonucleotides preferably have the 
general structure before being Incorporated into an oligonucleotide and/or nucleotide 
analogue: 



— 'n 



wherein 



n = 1 to 6. preferably n = 2 to 6, more preferably n = 3 to 6, more preferably n= 2 to 
5, more preferably n;= 3 to 5, more preferably n = 3 to 4; 

R, is a trivalent or pentavalent substituted phosphor atom, preferably R, is 



X, 
I 

P Rio 
I II ° 

R 9 P— X 2 

R3 or Rs 



wherein 



* 

Ra may individually be selected from a n atom capable of forming at (east two bonds 
me atom optonally being individually substituted, preferably R 2 is individually selected fmm 
C - P ' Op " 0na " y WMdually substituted. By the term "individually is meant that R 2 
can represent one. two or more different groups in the same molecule. The bonds between 
tartly be saturated or unsaturated or a par. of a ring system or a comblnafion thereof. 
EachR, may •nd.v.doaily be substituted with any suitable substituen.. such as a substituent 
sstected from H, lower alky.. C2-C6 alkenyt. C6-C10 aryi. C7^11 arylmethyl. C2-C7 

ifoZT 6 *"'' ^ alk0>,yCart,0,,V,0Xyme,hyl ' C ™-> ^oyioxymethyi. C3-C8 S^cyl-2- 

« 

An "alkyl" gmup raters to an optionally substituted saturated aliphafc hydrocarbon 
^W**.. branches, ^ cy* alky, graups. Pre fera b,y. me aik, gmup 
has 1 to 25 carbons and contains no more than 20 hetematoms. More preferably it Is a 
lower alky, of fmm , to ,2 carbons, more preferab* , to 6 carbons, mora preferably , * 4 
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T"" Pre ' erably 9™"P of nmogen. su«ur 

phosphorus, and oxygen. . ' 



An "alkenyr group refers to an optionally substituted hydrocarbon containing at least 
one ouble bond. Including strelght-cW, b ra nched-ohain. and cyclic alKenyi gn^eM 

!^ ^ f*"^ *» — * g -"P has 2* L caZs I'd 

«*« no mo re than 20 hetomatoms. More p referab ,y. „ „ a lower alxeny, of ^12 
camons, mora preferably 2 to 4 carbons. Hetercatoms are preferably se ,ecL fZtne 
group consisting of nitrogen, sulfur, phosphorus, and oxygen. 

An "alkyhyr group refers to an optionally substituted unsaturated hydrooart)on 
. conta,^ a, leas, one trip* bond. Including strain. branched^a^l 
S T' a » °"*<* "eoptionalty substituted. Preferably, the afcyn^p ^ 

selected from the group consisting of nitrogen, sulfur, phosphorus, and oxygen 

wito a con'iuXT! ?" ar ° maUC 9roUP ^ at °"° ""3 

^ a «,„ "gated P1 electron systen, and includes ca rt-ocycllc aryl. heten^fc ary, bl-al 
an tn-ary. g roup5 . examples ^ ary| substituta, subsWuents Include a,Ky7alkentf'a^ 
famine, subbed a„*o, carboxy. hyd ro xy, alkoxy. nlbo, suifonyl, 

* • 

carbon atcT^* T ^ '° " " *• *»- « *• acetic ring are 

"t 0 "* ^ carbo " **™ are optionally substitoted as described aboV9 for an ^ 
Preferably. We carbocyclic aryl is an optionally substituted phenyl. ^' 

A -heterocyclic a*r refers to an aryl having f to 3 heteroatoms as ring atoms in the 
— nng and the remainder o, the ring atoms are carbon atoms. SuitabJ haters 
M ude oxygen. su»u, and nibogen. Examples of heterocycHo aryis include CnZ^y 
pyndyl. pyrrol N-lower alxy. pynolo. pynmidvI . pyra2 , nyI| a „ d J w TOe ~^ . 
aryl ,s ophpnally substituted as described above for an aryl. n««ocycl,c 

The subs.lh.ente on hvo or more R 2 may alternatively join to torn, a ring system eoch 
as any of the ring systems as defined above Preferablv R L „ ,h „ . 
orouD selects u «. . • _ "eferably R 2 is substituted with an atom or a 

suZtuted 1 , * ha,09en ' and amin0 ' ™» <~'V " 2 1= 

subsbtuted with an atom or a group selected t™, H, meuty,. R, More p^J^,, 
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individually selected from O, S, NH, N(Me), N^), Cf^fe. CH (R4 ) or CH 2 . wherein R< is as 
defined below. J 

Ra is methyl.- beta-cyanoethyl, p-nitrophenetyl, o-chlorophenyl. or p-chlorophenyl. 
R4 is lower alkyl, preferably lower alkyl such as methyl, ethyl, or isopropyl, or 
5 heterocyclic, such as morpholino, pyrrolidine, or 2,2.6,6-tetramethylpyrrolidino, wherein 
lower alkyl is defined as C, - C, such as C, - C 4 . 

Rs is alkyl. alkoxy, aryl or H, with the proviso that Ffeis H when X 2 = O', preferably R 5 
is selected from lower alkyl, lower alkoxy, aryloxy. In a preferred embodiment aryloxy is 
selected from phenyl, naphtyl or pyridine. 

Re is a protecting group, selected from any suitable protecting groups. Preferably R« 
is selected from the group consisting of trityl, monomethoxytrityl, 2-chlorotrityl 1112- 
tetrachlor^^-bisCp-methoxyphenyD-ethan (DATE), 9-phenylxanthine-9-yl (pixy!) arid 9-(p- 
methoxyphenyl) xanthine-9-yl (MOX) or other protecting groups mentioned in "Current 
Protocols In Nucleic Acid Chemistry volume 1, Beaucage et al. Wiley. More preferably the 
protecting group may be selected from the group consisting of monomethoxytrityl and ' 
d.methoxytrityl. Most preferably, the protecting group may be 4, 4'-dimethoxytrityl (DMT). 

R 9 is selected from O, S, N optionally substituted, preferably R 9 is selected from O 
S, NH.N(Me). ' 

Rio is selected from O. S. N, C, optionally substituted. 
X, is selected from CI, Br, I, or N(R4) 2 
X 2 is selected from CI. Br, I, N(R4) 2 , or O" 

As described above with respect to the substituents the backbone monomer unit can 
be acyclic or part of a ring system. 

m 

Preferably, the backbone monomer unit of an intercalator pseudonucleotide is 
selected from the group consisting of acyclic backbone monomer units. Acyclic is meant to 
cover any backbone monomer unit, which does not comprise a ring structure, for example 
the backbone monomer unit preferably does not comprise a ribose or a deoxyribose group. 

In particular, it is preferred that the backbone monomer unit of an intercalatof 
pseudonucleotide is an acyclic backbone monomer unit, which is capable of stabilising a 
bulge insertion (defined below). 
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The backbone monomer unit of an intercalator pseudonucleotide may be selected 
from the group consisting of backbone monomer units comprising at least one chemical 
group selected from trivalent and pentavalent phosphorous atom such as a pentavalent 
Phosphorous atom. More preferably, the phosphate atom of the backbone monomer unit of 
an .ntercalator pseudonucleotide may be selected from the group consisting of backbone 
monomer units comprising at least one chemical group selected from the group consisting 
of, phosphoester. phosphodiester, phosphoramidate and phosphoramidite groups. 
" Preferred backbone monomer units comprising at least one chemical group selected 

from the group consisting of phosphate, phosphoester, phosphodiester. phosphoramidate 
10 and phosphoramidite groups are backbone monomer units, wherein the distance from at 
least one phosphor atom to at least one phosphor.atom of a neighbouring nucleotide, not 
■ncludmg the phosphor atoms, is at the most 6 atoms long, for example 2; such as 3 for 
example 4. such as 5, for example 6 atoms long, when the backbone monomer unit is 
incorporated into a nucleic acid backbone. . 

> 5 Preferably., the backbone monomer unit is capable of being incorporated into a 

Phosphate backbone of a nuc.eic.acid or nucleic acid analogue in a manner so that at the 
most 5 atoms (more preferably at most 4) are separating the phosphor atom of the 
.ntercalator pseudonucleotide backbone monomer unit and the nearest neighbouring 
Phosphor atom, more preferably 5 atoms are separating the phosphor atom of the 

) .ntercalator pseudonucleotide backbone monomer unit and the nearest neighbouring 
Phosphor atom, in both cases not including the phosphor atoms themselves. 

In a particularly preferred form, the intercalator pseudonucleotide comprises a 
backbone monomer unit that comprises a phosphoramidite and more preferably the 
backbone monomer unit comprises a trivalent phosphoramidite. Suitable trivalent 
phosphoramidites are trivalent phosphoramidites that may be incorporated into the 
backbone of a nucieic acid and/or a nucleic acid analogue. Usually, the amidit group may 
not be incorporated into the backbone of a nudeic acid, but rather the amidit group or part of 
the am,d,t group may serve as a leaving group and/ or protecting group. However, it is 
preferred that the backbone monomer unit comprises a phosphoramidite group because 
subgroup may facilitate the incorporation of the backbone monomer unit into a nucleic 
aad backbone. * 
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Preferably the acyclic backbone monomers may be selected from one of the general 
structures depicted In Figure 2. 

Even more preferably, the backbone monomer unit includes optional protecting 
groups may be selected from the group consisting of the structures I) to XUV) as Indicated 
in Ftgure 2. Most preferred are the hackbone monomer units selected structures I to vt 

a. to „, Pre F feTOd f yC " C baCkb ° ne m ° TOm - « "«y be selected from the group structures 
a) to g) in Figure 3. 

^^^^^runltofanintematetorpseudonuoleoSdewhichlsinserted 
■nto an o gonudeottde or oligonudeotide analogue, may comprise a phosphodiester bond 
Add*ona „y. the backbone monomer unit of an intercalated pseudonudeoBde may comprise 
a pentavaten, phosphoromidate. Preferably. me backbone monomer unit of an inte.rca.ator 
pseudonucleot.de is an acyclic backbone monomer unit that may comprise a pentavalent 
phosphoramidate. . avt>H3 " 1 . 



15 Leaving group 



• 



The backbone monomer unit may comprise one or more leaving groups. Laavina 
groups are chemical groups, which, are part of the backbone monomer unit when the 
■nteroa ator pseudonucleotide or the nucleotide is a monomer, but which are no longer ' 

?■ ° nCe in,erCala, ° r •»"*-«*-«• <* - nucleotide has been 

mcon>orated ,nto an oligonucleotide or oligonucleotide analogue. 

' k ™°™^" a ^'W^ d ^*«^^^'^<ner U rtL Forexample 

Tan m0n ° mer ' S " Pn0SPh ° r am ' d "' ' he ^ «"* *» — ' 

be an dttsopropylamtne group. In generoi, when the backbone monomer unit is a phosphor 

amidtt, a leaving group is attached.*, me phosphor atom tor example in the torn, of 

^ ^ 18 rem ° Ved UP °" " •» atom to a 

«m group, wneroas the res, of the phosphate group or part of. the res 'may become 

part of the nucleic add or nudeic acid analogue backbone. 

* • 
• * 

Reactive group 

The backbonetnonomer unite may furthermore comprise a reactive group which is 
capable of performing a chemical reaction with another nucleotide or oligonudeotide or 
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nuotao acid or nucleic acid analogue to form a nucieic acid or nucleic add analogue, which 
.s one nucleotide longer than before the reaction. Accordingly, when nucleotides are in their 
free form, i.e. not incorporated into a nucleic acid, they may comprise a reactive group 
capable of reacting with another nucleotide or a nucleic acid or nucleic add analogue. 
5 The reactive group may be proteded by a proteding group. Prior to the chemical 

reaction, the protedion group may be removed. The protection group will thus not be a part 
ofthenewlyformednudeicaddornuc.eicacidana.ogue. Examp.es of reactive groups are 
nucleophi.es such as the 5'-hydroxy group of DMA or RNA backbone monomer units. 

■ * 

10 Protecting group 

■ 

The backbone monomer unit may also comprise a. protecting group whidvcan be 
removed during synthesis. Removal of the protecting group allows for a chemical readion 
between the intercalator pseudonudeotide and a nudeotide or nudeotide analogue or 
another intercalator pseudonucleotide. 

•5 in particular, a nucleotide monomer or nudeotide analogue monomer or intercalator 

pseudonudeotide monomer may comprise a protecting group, which is no longer present in 
the molecule once the nucleotide or nucleotide analogue or intercalator pseudonudeotide 
has been incorporated into a nucleic acid or nudeic acid analogue. Furthermore, backbone 
monomer units may comprise proteding groups which may be present in the oligonucleotide 

0 or ol,gonucleotide analogue subsequent to incorporation of the nudeotide or nucleotide 
analogue or intercalator pseudonucleotide, but which may no longer be present after 
Reduction of anadditiona. nucleotide or nucleotide analogue to the oligonucleotide or 
ol.gonudeotide analogue or which may be removed after the synthesis of the entire 
oligonucleotide or oligonucleotide analogue. 

'> The proteding group may be removed by a number of suitable techniques known to 

the person skilled in the art.. Preferably, the protecting group may be removed by a 
treatment selected from the group consisting of acid treatment, thiopheno, treatment and 
alkali treatment. 

* 

Prefened protecting groups, whloh may be used to protect the 5' end or the 5' end 
anatogue of a backbone monomer unit may be selected from the gmup consisting of mm 
monomethoxywy,, 2 -ch, oro tntyf, 1.1,1.2-te*achlo ro .2.2-bis(p-me.hoxypheny l Hman 
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(DATE), 9-phenylxanthine-9-yl (pixyl) and 9-(p-methoxyphenyl) xanthine-9-yl (MOX) or other 
protecfang groups mentioned in "Current Protocols In Nucleic Acid Chemistry" volume 1 
Beaucage et al. Wiley. More preferably the protecting group may be selected from the ' 
group consisting of monomethoxytrityl and dimethoxytrityl. Most preferably, the protecting 
» group may be 4, 4'-dimethoxytrityl(DMT). 4, 4'-dimethoxytrityl(DMT) groups may be 

removed by acid treatmeht, for example by brief incubation (30 to 60 seconds sufficient) in 
3% tnchloroacetic acid or in 3% dichloroacetic acid in CH 2 CI 2 . 

Preferred protecting groups which may protect a phosphate or phosphoramidite 
group of a backbone monomer unit may for example be selected from the group consisting 
of methyl and 2-cyanqethyl. Methyl protecting groups may for example be removed by 
treatment with thiophenol or disodium 2-carbamoyI 2-cyanoethylene- 1,1-dithiolate 2- 
cyanoethyl-groups may be removed by alkali treatment, for example treatment with 
concentrated aqueous ammonia, a 1 :1 mixture of aqueous methylamine and concentrated 
aqueous ammonia or with ammonia gas. 

Intercalator 

■ ■ 

The term intercalator covers any molecular moiety comprising at least one 
essentially flat conjugated system, which is capable of co-stacking with nucleobases of a • 
nuclerc acid. Preferably an intercalator consists of at least one essentially flat conjugated 
system which is capable of co-stacking with nucleobases of a nucleic acid or nucleic acid 
analogue. 

Preferably, the intercalator comprises a chemical group selected from the group 
cons,sting of polyaromates and heteropolyaromates an even more preferably the intercalator 
essentially consists of a polyaromate or a heteropolyaromate. Most preferably the 
•ntercalator is selected from the group consisting of polyaromates and heteropolyaromates. 

. Polyaromates or heteropolyaromates may consist of any suitable number of rings 
such as 1, for example 2, such as 3. for example 4, such as 5, for example 6, such as 7 for 
example 8, such as more than 8. Furthermore polyaromates or heteropolyaromates may be 
substituted with one or more selected from the group consisting of hydroxy,, bromo. fluoro, 
chloro, ,odo, mercapto, thio, cyano. alkylthio. heterocycle. aryl, heteroaryl, carboxyl 
carboalkoyl, alkyl, alkenyl, alkynyl, nitro, amino, alkoxyl and amido . 



33 



15 



20 



25 



JO 



In one preferred form, the intercalator may be selected from the group consisting of 
polyaromates and heteropolyaromates that are capable of fluorescing. 

In another more preferred form, the intercalator may be selected from the group 
_ consisting of polyaromates and heteropolyaromates that are capable of forming excimers 
> excplexes. fluorescence resonance energy transfer (FRET) or charged transfer complexes. 

Accordingly, the intercalator may preferably be selected from the group consisting of 
phenanthroline, phenazine. phenanthndine, anthraquinone. pyrene. anthracene, napthene 
Phenanthrene. picene. chrysene. naphtacene. acridones. benzanthracenes, stilbenes 
oxalo-pyridocarbazoles. azidobenzenes, porphyrins, psoralens and any of the 
aforementioned intercalators substituted with one or more selected from the group " 
cons,stlng of hydroxy., bromo. fluoro. chloro. lodo. mercapto. thio. cyano. alkylthio 
heterocycle. aryl. heteroaryl, carboxyl. carboalkoyf, alky., alkenyl. alkynyl. nitro. amino 
alkoxyl and/or amido. 

Preferably, the intercalator is selected from the group consisting of phenanthroline. 
Phenazine. phenanthndine. anthraquinone. pyrene, anthracene, napthene, phenanthrene 
P.cene. chrysene. naphtacene. acridones. benzanthracenes, stilbenes. oxalo- 
pyndocarbazoles, azidobenzenes. porphyrins and psoralens. 

• More preferably the intercalator may be selected from the group of intercalators 
compnsmg one of the structures as indicated in Figure 4 as well as derivatives thereof: 

Even more preferably the intercalator may be selected from the group of intercalators 

XxTZlTv, ZT interCa,at ° r StmCtUreS 8bOVe nUmbered V ' X "» X,V ' *»> XV ». XX.H. 
XXVI, XXVIII, XLVII, LI and Lll of Figure 4 or derivatives thereof. 

Most preferably, the intercalator is selected from the group of intercalator structures 
above numbered XII. XIV. XVII. XXIII. LI of Figure 4. 

wav k r? xamp ' esof '^ 

way but only as to provide examples of possible structures for use as intercalators. ,n 
addruon the substitution of one or more chemical groups on each intercalator to obtain 
modified structures is also included. 

. ,k J he /"' erca ' ator mote * ° f intercalator pseudonucleotide is linked to the backbone 
un,t by he „nke, When going ffon, the backbone along me .inker to the intercalating 
mcety, the linker and intercalator connection is defined as the bond between a linker atom 
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and the first atom being part of a conjugated system that is able to co^stack with 
nucleobases of a strand of a oligonucleotide or oligonucleotide analogue when the 
ohgonucleotide or oligonucleotide analogue is hybridized to an oligonucleotide analogue 
compnsing the intercalator pseudonucleotide. 

The linker may comprise a conjugated system and the intercalator may comprise 

another conjugated system. In this case the linker conjugated system is not capable of co- 

stackmg with nucleobases of the. opposite oligonucleotide or oligonucleotide analogue 
strand. 



10 Linker 



The linker of a intercalator pseudonucleotide is a moiety connecting the intercalator 
and the backbone monomer of the intercalator pseudonucleotide. The linker may comprise 
one or more atom(s) or bond(s) between atoms. 

By the definitions of backbone and intercalating moieties defined herein, the linker is 
the shortest path linking the backbone and the intercalator. If the intercalator is linked • 
d-rectiy to the backbone, the .inker is a bond. The linker usually consists of a chain of atoms 
or a branched chain of atoms. Chains can be saturated as well as unsaturated. The linker 
may also be a ring structure with or without conjugated bonds. For example, the linker may 
compnse a chain of m atoms selected from the group consisting of C. O, S, N. P, Se Si Ge 
Sn and Pb, wherein one end of the chain is connected to the intercalator and the other end ' 
of the chain is connected to the backbone monomer unit. 

The total length of the linker and the Intercalator of the intercalator 
pseudonucleotides preferably la between 8 and 13 k Accordingly, m should be selected 
dependent on the size of the intercalator of .he specific Intercalator pseudonucleotide. That 
is. m should be relatively large, when the intercalator la small and m should be relatively 
small wher >the Intercalator la large. For mosf purposea, however, m will be an integer from- 
1 to 7 such as from 1 to 6,'auch as from 1 to 5, such as from 1 to 4. As described above 
the Imker may be an unsaturated chain or another system involving conjugated bonds For 

TT ."T "" ker ^ COmP ' iSe *** COniU9a ' ed StrUC<UreS - Preferab| S'' is from 1 to 4 
when the linker is an saturated chain. . 
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When the intercalator is pyrene, m is preferably an integer from 1 to 7, such as from 
1 to 6, such as from 1 to 5, such as from 1 to 4, more preferably from 1 to 4, even more 
preferably from 1 to 3, most preferably m is 2 or 3. 




When the intercalator has the structure 

• • • * 
m is preferably from 2 to 6, more preferably 2. 

* 

The chain of the linker may be substituted with one or more atoms selected from the 
group consisting of C, H, O, S, N, ,P, Se, Si, Ge, Sh and Pb. 

* 

In one form, the linker is an azaalkyl. oxaalkyl, thiaalkyl or alkyl chain. For example 
the l.nker may be an alkyl chain substituted with one or more selected from the group 
consisting C, H. O, S, N, P, Se, Si, Ge, Sn and Pb. In a preferred embodiment the linker 
cons.sts of an unbranched alkyl chain, wherein one end of the chain is connected to the 
.ntercalator and the other end of the chain is connected to the backbone monomer unit and 
wherein each C is substituted with 2 H„ More preferably, the unbranched alkyl chain is from 
1 to 5 atoms long, such as from 1 to 4 atoms long, such as from 1 to 3 atoms long, such as 
from 2 to 3 atoms long. 

* 

In another form, the linker is a ring structure comprising atoms selected from the 
group consisting of C, O, S, N. P, Se, Si, Ge, Sn and Pb. For example the linker may be 
such a nng structure substituted with one or/nore selected from the group consisting of C 
H, O, S, N, P. Se, Si, Ge, Sn and Pb. 

In another form, the linker consists of from 1 to -6 C atoms, from 0 to 3 of each of the 
following atoms O, S, N. More preferably the linker consists of from 1 to 6 C atoms and from 
0 to 1 of each of the atoms O, S, N. In a preferred form, the linker consists of a chain of C 
O, S and N atoms, optionally substituted. Preferably the chain should consist of at the most 
3 atoms, thus comprising from 0 to 3 atoms selected individually from C. 6, S. N, optionally 
substituted. ' 

In a preferred form, the linker consists of a chain of C. N, S and O atoms, wherein . 
one end of the chain is connected to the intercalator and the other end of the chain is 
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connected to the backbone monomer unit Preferably such a chain comprises one of the 
linkers shown in Figure 5. 

In a more preferred form, the chain comprises one of the linkers II, III, VI, or IX 
shown in Figure 5. 

The linker constitutes Y in the formula for the intercalator pseudonocleotide X-Y-Q, 
as defined above, and hence X and Q are not part of the linker. 



Intercalator pseudonucleotides 

. Intercalator pseudonucleotides or INA molecules preferably have the general 
3 structure 



X-Y-Q 



wherein 



X is a backbone monomer unit capable of being incorporated into the backbone of a 
nucleic acid or nucleic acid analogue; 

Q is an intercalator comprising at least one essentially flat conjugated system, which 
is capable of co-stacking with nucleobases of a nucleic acid; and 

4 

* ♦ 

Y is a linker moiety linking the backbone monomer unit and the intercalator 
wherein the total length of Q and Y is in the range from about 7 A to 20 A. 

Furthermore, in a preferred embodiment of the present invention the intercalator. 
pseudonucleotide comprises a backbone monomer unit, wherein the backbone monomer 
unit is capable of being incorporated into the phosphate backbone of a nucleic acid or 
nucleic acid analogue in a manner so that at the most 4 atoms are separating the two ■ 
phosphor atoms of the backbone that are closest to the intercalator. 

The intercalator pseudonucleotides preferably do not comprise a nucleobase 
capable of forming Watson-Crick hydrogen bonding. Hence intercalator pseudonucleotides 
are preferably not capable of Watson-Crick base pairing. 
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Preferably, the total length of Q and Y is in the range from about 7 A to 20 A more 
preferably, from about 8 A to 15 A, even more preferably from about 8 A to 13 A. even more 
preferably from about 8.4 A to 12 A, most preferably from about 8.59 A to 10 A or from about 

8.4 A to 10.5 A. 

' When the intercalator is pyrene for example, the total length of Q and Y is preferably 

rn the range of about 8 A to 13 A, such as from about 9 A to 13 A, more preferably from 
about 9.05 A to 1 1 A, such as from about 9.0 A to 1 1 A, even more preferably from about 

9.05 to 10 A, such as from about 9.0 to 10A, most preferably about 9.8 A. 

The total length of the linker (Y) and the intercalator (Q) should be determined by 
determming the distance from the center of the non-hydrogen atom of the linker which is 
furthest away from the intercalator to the center of the non-hydrogen atom of the essentially 
flat, conjugated system of the intercalator that is furthest away from the backbone monomer 
• umt. Preferably, the distance should be the maximal distance in which bonding angles and 
normal chemical laws are not broken or distorted in any way. 

The distance should preferably be determined by calculating the structure of the free 
mtercalating pseudonucleotide with the lowest conformational energy level, and then 
determining the maximum distance that is possible from the center of the non-hydrogen 
atom of the linker which is furthest away from the intercalator to the center of the non- 
hydrogen atom of the essentially flat, conjugated system of the intercalator that is furthest 
away from the backbone monomer unit without bending, stretching or otherwise distorting 
the structure more than simple rotation of bonds that are free to rotate (e.g. not double 
bonds or bonds participating in a ring structure). Preferably the energetically favorable 
structure is found by ab initio or force fields calculations. 

The distance can be determined by a method consisting of the following steps: 
the structure of the intercalator pseudonucleotide of interest is drawn by computer 
using the programme ChemWindow® 6.0 (BioRad); 

the structure is transferred to the computer programme SymApps™ (BioRad); 

the 3-dimensional structure comprising calculated lengths of bonds and bonding 
angles of me intercalator pseudonucleotide is calculated using the computer programme 
SymApps™ (BioRad); B . 
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the 3 dimensibnal structure is transferred to the computer programme RasWin 
Molecular Graphics Ver. 2.6-ucb- 

the bonds are rotated using RasWin Molecular Graphics Ver. 2.6-ucb to obtain the 
maximal distance (the distance as defined herein above); and 

the distance is determined. . 

• Intercalator pseudonucleotides may be any combination of the above mentioned 
backbone monomer units, linkers and intercalators. 

Examples of intercalator pseudonucleotides are shown in Figure 6. In a preferred 
form, the intercalator pseudonucleot.de is selected structures 1 to 9 shown in Figure 6. 

Ih another preferred form, the intercalator pseudonucleotide is selected from the 
group consisting of phosphoramidites of H4.4^imethoxytriphenylmethyloxy)-3- 
pyrenemethyloxy-2-propano.. Even more preferably, the intercalator pseudonucleotide is 
selected from the group consisting of the phosphoramidite of (S)-1 -(4 4'- 
dimet«^ gnd phosphoram|djte Qf 

( R )-1.(4 > 4^, m ethoxymphenylmemyloxy)-3-pyrenemethyloxy.2-propan 



Preparation of intercalator pseudonucleotides 

* 

The intercalator pseudonucleotides or INA molecules may be synthesised by any 
surtable method. One suitable method comprises the steps of 

20 .1). providing a compound containing. an intercalator comprising at least one essentially 
flat conjugated system, which is capable of co-stacking with nucleobases of a nucleic acid 
and optionally a linker part coupled to a reactive group; 

bt) providing a linker precursor molecule comprising at least two reactive groups the 
two reactive groups may optionally be individually protected; and 

* d) reacting the intercalator with the linker precursor and thereby obtaining an 
intercalator-linker; 

• d1) providing a backbone monomer precursor unit comprising at least two reactive 
groups the two reactive groups may optionally be individually protected and/or masked and 
optionally comprising a linker part; and 
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e1> reacting the intercalator-linker with the backbone monomer precursor and obtaining 
an mtercalator-linker-backbone monomer precursor; 



or 



a2) providing a backbone monomer precursor unit comprising at least Iwo reactive 
groups the two reactive groups may optionaHy be Individually protected and/or masked and 
optionally comprising a linker part; 

b2) providing a linker precursor molecule comprising at least two reactive groups the 
two reactive groups may optionally be individually protected; 

m ,K reaCt[n9 ^ m ° n0mer Pr6CUre0r Unlt With *» ,inker P recursor a "<* hereby obtaining 

10 a backbone-linker x 9 

d2) providing a compound containing an ihtercalator comprising at least one essentially 
flat conjugated system, which is capable of co-stacking with nucleobases of a nucleic add 
and optionally a linker part coupled to a reactive group; and 

intercalator *• backbone-llnker and obtaining an intercatetor-linker- 
i o backbone monomer precursor; 



or 



3 



a3) providing a compound containing an intercalate comprising at least one essenfelly 
flat conjugated system, which la capable of coding with nucleobases of a nucleic add 
and a linker part coupled to a reactive group; 

b3) providing a backbone monomer precursor unit comprising at leaattwo reactive 
groups, the two reactive groups may optionally be individually protected and/or masked) 
and a linker part; y * 

C3) reacting the Intercalator-iinker part with the backbone monomer precursor-linker and 
obtarrang an intercalator-linker-backbone monomer precursor; 

precursor P,,0na% '"^^ "* " '"terealator-linter-backhone rnoncmer 

9) providing a phosphor containing' compound capable of linking two 
psuedonucleotides, nucleotides and/ or nucleotide analogues together; 

mono' 6301109 ** Ph ° SPhdrOUS co ^ining.compound with the intercalator-linker-backbone 
monomer precursor; and 
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i) obtaining an intercalator pseudonucleotide. 

Preferably, the Intercalator reactive group is selected so that it may react with the 
linker reactive group. Hence, if the linker reactive group, is a nucleophil, then preferably the 
.ntercalator reactive group is an electrophile, more preferably an electrophile selected from 
the group consisting of halo alkyl, mesyloxy alkyl and tosyloxy alkyl. More preferably the 
-ntercalator reactive group is chloromethyl. Alternatively, the intercalator reactive group may 
be a nucleophile group for example a nucleophile group comprising hydroxy, thiol, selam 
amine or mixture thereof. 

Preferably, the cyclic or non cyclic alkane may be a poly-substituted alkane or alkoxy 
composing at least three linker reactive groups. More preferably the poly-substituted alkane 
may comprise three nucleophilic groups such as. but not limited to, an alkane triole an 
am,noalkane diol or mercaptoalkane diol. Preferably the poly-substituted alkane contain one 
nucleophilic group that is more reactive than the others, alternatively two of the nucleophilic 
groups may be protected by a protecting group. More preferably the cyclic or non cyclic 
alkane is 2,2-dimethyl-4-methylhydroxy-1,3-dioxalan. even more preferably the alkane is D- 
a.p-isopropy!idene glycerol . 

Preferably, the linker reactive groups should be able to react with the intercalator 
reactive groups, for example the linker reactive groups may be a nucleophile group for 
example selected from the group consisting of hydroxy, thiol, selam and amine, preferably a 
hydroxy group. Alternatively the linker reactive group may be an electrophile group for 
example selected from the group consisting of halogen, triflates. mesylates and tosylates In 
a preferred form, at least 2 linker reactive groups may be protected by a protecting group. 

The method may further comprise a step of attaching a protecting group to one or 
more reactive groups of the intercalator-precursor monomer. For example a DMT group 
may be added by providing a DMT coupled to a halogen, such as CI, and reacting the DMT- 
Cl wrth at least one linker reactive group. Accordingly, preferably at feast one linker reactive 
group will be available and one protected. If this step is done prior to reaction with the 
Phosphor comprising agent, then the phosphor comprising agent may only interact with one 
linker reactive group. 

k™™? 6 Ph ° SPh0r ^P"' 81 " 9 asent for exa "P'e °e a phosphoramidite, for example 
NCfCH^OPCNprya or NC(CH 2 ) 2 OP(NpH 2 )CI.Preferably the phosphor comprising agent may 
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be reacted with the intercalator-precursor in the presence of a base, such as N(et h 
N('pr) 2 Et and CH 2 CI 2 . 

One specific example of a method of synthesising an intercalator pseudonucleotide 
is outlined in example 1 and In Figure 7. 

Once the appropriate sequences of oligonucleotide or oligonucleotide analogue are 
determined, they are preferably chemically synthesised using commercially available 
methods and equipment. For example, the solid phase phosphoramiditee method can be 
used to produce short oligonucleotide or oligonucleotide analogue comprising intercalator 
pseudonucleotides. 

For example the oligonucleotides or oligonucleotide analogues may be synthesised 
by any of the methods described in "Current Protocols in Nucleic acid Chemistry" Volume 1 
Beaucageetal., Wiley. 

* 

Oligonucleotides comprising Intercalator pseudonucleotides 

High affinity of synthetic nucleic acids towards target nucleic acids may greatly 
adrtate detection assays and furthermore synthetic nucleic acids with high affinity towards 
target nucleic acids may be useful for a number of other purposes, such as gene targeting 
and punflcation of nucleic acids. Oligonucleotides or oligonucleotide analogues comprising 
interiors have been shown to increase affinity for homologous commentary nucleic 



Oligonucleotides or oligonucleotide analogues comprising at least one intercalator 
pseudonucleotide can be made wherein the melting temperature of a hybrid consisting of 

™T?T* deS ^ ° ng ° nUC,e0tide ana '°9 ues ™« « homologous complementary ONA 
(DNA hybnd) ,s significantly higher than the melting temperature of a hybrid between an 
ol.gonucleotide or oligonucleotide analogue lacking intercalator pseudonucleotidefs) 
cons.st.ng of the same nucleotide sequence as the oligonucleotide or oligonucleotide 
analogue and the homologous complementary DNA (corresponding DNA hybrid). 

Preferably, the melting temperature of the DNA hybrid is from 1 to 80»C more 
preferably at least 2-C. even more preferably at least 5'C, yet more preferably at least 1 0°C 
h.gher than the melting temperature of the corresponding DNA hybrid 
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Oligonucleotides or oligonucleotide analogues can have at least one internal 
mtercalator pseudonudeotide. Positioning interoalator units internally allows for greater 
flexibility ,n design. Nuoleio acid analogues comprising internally positioned intercalate, 
P^donucieofldes may thus have higher effing for homologous complementary nucteic 
• ac,ds than nucle,c acid analogues that does no. have interna,* positioned interoalator 

°" 30nUde0,ide5 " <X«~«*° analogues comprising e, .east one 
ntemal mtercalator pseudonudeotide may also be abte to discriminate between RNA 
Onduding RNA-like nucleic acid analogues) and DNA (including DNA-like nuctelc add 
analogues,. Furthemtore interna.* positioned fluorescent htemaiator monomer could And 
use in diagnostic tools. 

The interoalator pseudonucleotfdes may be placed in any desirable position within a 
fl.ven oiigonudeotide or olfeonudeotide analogue. For example, an inteJlr 
pseudonudeotide may be placed a. me end of the oiigonudeotide or oligonucleotide 
anatogue or an interoatetor pseudonudeotide may be placed in an interna, position within 
the oligonucleotide or oligonucleotide analogue. 

When the oligonucleotide or oligonucleotide analogue comprise mo« than 1 . 
mtercaiator pseudonudeotide. the intercalate pseudonucleotides may be placed in any 
posibon inflation to each other. For example they may be placed next to each othTor 

TZT TT 50 ** 1 • 8UCh 88 * for exampte * su * - <• ** —»* "-n 

ZZL h T S ™ S6Para,, ' n0 *" in ' erCa,a,0r ^on^aotides. In one 
preferred embodiment *, interoalator pseudonuoleofldes within an oiigonudeotide or 
oligonudeobde anatogue are placed as next nearest neighbours, i.e. they can be placed a, 

zxzr *r T uc,eoMe " o ' i9onue,eo,ide anato9ue ™ ^ 1 ~ 

separating the two mtercalator pseudonucleotides. In another preferred form, two 
tntercalators are placed at or in close proximity to each end respective* of the 
oligonucleotide or oligonucleotide analogue. 

nuc eotdes end/or nucleoflde anatogues, such as the nucleotides and/or nucieottde 
analogues described herein above. For example, the oligonucleotides or oligonucleotide 

~ zriT nucteoMes an<vor nucieoMe anai °^ ™ 

RNA. LNA, PNA ANA and HNA. Accoreingly. the oligonucleotides or oligonucleotide 
analogue may comprise one or more selected frem me greup consisting of subunits of PNA, 
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HHTf* 1 *" t ^ m °W an ° s «-"* b'D-Qlucopyrarw^-NA. b-D.Allopyranusy.-NA HNA 

LTrZr CNA ' ^ ™ A> <2 '- NH, - TNA ' O-L-^LnA . oLT' • 

IMK 0-D-Xy.o-LNA D-D-Ribo-LNA, [3.2.1RNA, Bicydo-DNA, 6-Amlno^doONA. 5- 

epicycle-DMA. D-Bicydo-ONA, Tricyclo-DNA, BicydoC4.3.01-DNA. Bicydop 2 1.-DNA 

p^!t 0)am,<i " DNA ' D - D - Rlb ~°V'-NA □-'--LyxopyranosyM.A. 2 ' R-RNA 2'-OR. 
RNA. D-L-RNA. o-D-RNA, £-D-RNA, i.e. me olfconucleobde analogue may be selected from 
*. group o, PNA, Homc-DNA, b-D^ltropyranosyi-NA, l,P-G,ucopyranosyl N A. b-D- 

Allopyranusy^NA. HNA. MNA. ANA. LNA. CNA. CeNA. TNA. (2'-NH)-TNA, (3'-NH)-TNA □- 
L-R,bo-LNA. O-L-Xylo-LNA, D-D-Xyto-LNA. D-D-Ribo-LNA, t 3.2.1RNA. B^do-DMA^ 
Amrno-Bicycio-DNA S-epi-Bicycio-DNA. D-Bicycib-DNA. Tricydc-DNA. B icydo[4 3 OJ^NA 

ISTXZ?"*"**^ D-D-Ribopyranosyl-NA, O-L-Iyxopyra ^ 
NA. 2-R-RNA. 2-OR-RNA. p-L-RNA. o-D-RNA, ,9-D-RNA and mixtures thereof. 

^^"^ec^thaoligonucleotideaoroliflonucleotideanaloguesfethatthe 
rrrT,"'? * 3 ^ - o«g°nuc,eoBde analogue 

Z I ! ™ 6 inter0a ' a,Or PSeudo " ucte °^ -d an aasenaaiiy compiementary 

o^Te Z„7 , ' S 7*** h ' 9her *" ' he melUn9 °" **« ~g 

of the essentially complementary DNA and a DNA complementary thereto. 

dna ^ST*' °" 90nUCleotides OT °«S°nucleotide analogues may form hybrids with 
DNA w* higher affinity thannalura* occumng nucleic adds. T*e meiting tempos 
preferably .ncreased with 2 to 30«C. for exampto frem 5 to 20-C. such as from 10-C ,o IS-C 
for example 2-C to 5-C, such as from 5-C to ,0-C. such as from 15-C to 20-C for ' 
exampto from 20'C to 25-c. such as from 25'Cto 30<C, for example frem 30-C to 35*C 
such as from 35-c to 40-C. for exampte from 40-C to 45*C, such as from 45-C to 50-C * 

■ 

In particular, the Increase in melting temperature may be achieved due to 
intercalation of .he interealator. because the Intercalation may stabilise a DNA duplex 
Accordingly, .it is preferred that the intercalator is capabte of intercalating between ' . 
nudeobases of DNA. Praferabty. me interealator pseudonudeotides are pfeced as bulge 
.^ons or end Insemons m the duplex (see below,, which in some nucieto adds or ^clefc 
acid analogues may allow for Intercalation. sornucieic 

^ ^ ""TPareture of an o«gonucleotide or oligonucleotide analogue 
compose a. leas, one intercalator pseudonudeotMe and an essentia,* compLentary 
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■ * 

ZIZVTT T** nuctelc anal09ue -" *• * 

198 and the oligonucleotide analogue comprising no intercalator 
pseudonudeotides. Preferably rhostw a» of «,e intercatator pseudonudeotides of the 
5 pi,gonudeotide or oligonudeoUde analogue are positioned a, eimer or bo* ends 

JT"^' O " 90nucleo,,des «*» oligonucleotide analogues may form hybrids 

htgher affinity man natura»y occumng nudeic adds. The metting temperature is preferably 
mcrc-ased w«h horn 2 to 20^. for example .torn 5 te 15X. sud, as <L 10-C to 1^ , » 
exampte from « to S«C, such as S°C to ,0-C. such as from ,5»C te 20°C or higher 

RNA 'mOZTrT"- P8eUd ° nUCle0,kie8 I"*"* -ly stabilise towards RNA and 
^• , ' te ^whanposittenedatmeendofmeollgonudeotideoroligonuc te o t ide 
analogue This does hoi however exdude the positioning of intercalator pseudonudeotides 

nudTT T W 0l,fl0 " Ude0,,<ie -*■«- «o b. hybndized with RNA or RNaW 
nucte* acx, analogues such tha, me Intercalate pseudonudeoUdes ana placed "nitons 
■Ml. me formed hybrid. This may be done to obtein certain hybrid ins^L^T 
affile overall 20 or 3D structure tf both inUe- and intenmotec^ complexes „\ 
formed subsequent to hybridisation. 

inte^T ^«*™*<** anaiogue comprising one or mo re 

cons,st ng of the oLgonuclaofde and,or oligonudeotlde analogue bound by Hoogsteen base 
pamng to a homologous oomptementery nudelc add or nudeic add analogue or 
oltgonudeofde or oligonudeotide analogue. The oligonudeotide or oligonudeotlde 

^ """" - me ' 8 " 9 ' emPerah,re °" he "»»— — — * - - «P.ex- 

P 

The oligonudaotide or oligonudeotide analogue may incmase the mating 

rate x ™rrr "r* seqiKnoe ,ik * ' 
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Aocortlnsly. dlBonudeoSdes or oHflonudeoWe analogues may torn, friplax- 
shucturcs w»h homologous complementary nuclalo add or nudefc add analog's or 
o gonuolsoUdsor oligonudeobde analogus m, higher affin«y man natumlly owning 
nude* : The malang .emperatom is prefembly inooased wHh from 2 «o SOX, sL as 
5 ta, ,2 „ 40X, such as from 2 ,o 30-C. for examp te from 5 to 20-C. such as from 10-C to 
18 C. for example from 2°C .o 5 -C. such as from 5-C ,o 1 0-C. tor example from ,« to 
15 C. such as from 1 « to 20»C, tor example from aw to 25-C. such as from 25-C to 
30 C. tor exampto from 30-C to 35°C, such as from 35»C to 40»C. for example from 40-C to 
45°C, such as from 45°C to 50°C. 

' Tl ' nCrease meltofl tempera,ure ma * te ""«- *» to 

Interneto,™ of me interpolator, because toe totemalafion may stabilise a DNA friplex 
Aco^ngly, it is preferred that toe intercaiator is capable of interoalahng ZeT 
nudeobases o, a frip.ex-sfrucfr.na. PrefemNy. toe intercalate pseudonucleotide is placed 
asa bulge tosedton to the duplex (see betow, ; whx* in some nudelc acids or t^d - 
analogues may allow for intercalation. 

Ho™ t Tri ^° maSon ma * or «■» not proceed in stmnd invasion, a process where toe 
Hoogstoen base-paaed toird sfrand invades toe to^e, duptox and dispLs pad or" of .he 

2Tlr Wa,SOn " C,,Ck ^ "* **" - "-P^entory sbjno ™«n be 

ZtT !T ^ °» 9 °~'~ - a re soitotyleT 

■nvasion of toe regron or double strand invasion of complementary regions without prior 
me „ g of doubie sfranded nucleic add or nudelc add anaiogue I £ to Xt^Iion 
and/or sfrand •nvasion. Acooniingiy. an „ llgonusleot|de or oligonudeolide J^S*" 
cmpnarng a, leas, one interoaiator paeudonudeotide is provided mat is abie totovLe a 
doubie sanded regton of a nudelc add or nudeio add anaiogue motocuie 

An oligonudeoflde or oligonucleotide analogue comprising at leas, one interoaiator 

rrr ^ fe ab,e to imade a *— *— -* - - ztz 

analogue In a sequence spedflo manner can be provided. Invading oligonudeoMe and/or 
o^onudeoboe analogue comprising a, least one Internal iJLZZ£££Z 
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The melting temperature of a hybrid consisting of en oligonucleotide analogue 

Z7Z hTnT r in,6,Cate,0r ~»*«* - • nomologoue complementary 
DMA (DMA hybrid,, ,s usually significantly higher than the melting temperature of a hybrid 
constsbng of «ha oiigonuctootide or oiigonuCeofide analogue and a homologous 
5 complementary RNA (RNA hybrid) or RNA-IIke nucleic acid anaiogue ,a,e, or RNA-like 

anal09Ue «"«*■ T "° oiigonucieoUde may be any of me above ITcId 
oleonucleobde anatogues. For exampie. me oHgonucieofide may be a ONA oligon^de 
(anaiogue, comprising a, leas, one Internal pseudonucleofide or a Homo-DNA c-tT 

A^pyranosyi-NA. b-D-Giucopyranosyi-NA. b-D^itopyranusyi-NA, HNA. MNA, ANA LNA 

^ (2 '" NH, -™ A - (3 '- NH, - TNA ' """"^ -^O-LNA, oC^A 

□-D-Rtbc-LNA [3.2.1J-LNA, Bicycic-DNA, o^mino-Bicydo-DNA, S^pi-Blcycto-DNA a 

ZVo^^T 8 ™ 30) -° NA - «t W , Bteyi.3Cm.de- 
^ 'I^TT* ■ D4 - L ~"^ ^NA. 2'-OR-RNA O-l'rnA 

pseulXI ~' de OT ^ hSre °' * — - «~ 

Aborting*, the ^ „, ^ e^^,,,^. „ oilgonucteo«de analogue for DNA is 

RNA or an RNA-like te^et Hence in a mixture comprising a timiting number of the 
o^onuoteobde or ^nucleotide anaiogue and a homoiogous c^iememarv O^A and a 
homotogous complement RNA or homotogous complement RNA-tike 1,1 

leas, JIT**' ^ me "' n9 temP6ralUre 01 ° NA hyMd b at teast «* as a, 

^ ' * I ^ * ^ 3 °° C ' SU * - * 35=C, ,„ r exampte a, leas, 
40 Causes from2to30«C, for example from 5 to 20-C. such as ftom 10'C to 15-C for 
exampto from « to 5X, such as from S-C ,0 10°C, for exampto from 1( ,c to 15-c eul 
as front ,5-C to 20X. forexampie horn 20-c to 25-C. such as fram 25-c to 30»C for 
exampie from 30-c «o 35-c, such as from 35*C to 40-C. for example from 40-C to 45»C 

I ? 50 °°' ,OT eia,nPte ,rom 5t * C to 55 ^ — - •»» 5S.C to 60 >c 

h,her ,han the meiting temperatora of a homotogous complementary RNA or RNA-iike 
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Dseiid A " i " analogue containing a. laast one intercalator 

ZLZTT " e hybridbed '° ° f -* « nudeic add 

££T ?°, h 90n ° r * -P-* o, seizing such a 

ton**, to the seoonda^ sb-uctore. Seconder secures couid be. but are no" MM 

5 * *»— • F-day junctions, fo.d-bad<s, H-xnote. and buiges. v* »1 ary 

abudute can be a stem-toop sbvctore of RNA, where an o,igonudeo«de or oKgldeobde 
anatogue combing a. ieas. one intorcaiator pseudonudeobde is designed I Tw^o to e 
interna ator pseudonudeo U de is hybrtdHng a, toe and of one o, toe torL dupiexesTon^ 

lo e nT e T yiUnC,i0n ^ - *— and «» oiigonu Jo«de o? 

oligonucleotide analogue. 

* * 
* • 

* 

* 

Position of intercalator pseudonucleotide 

mav hvbTTf ^ " °" fl<inUCle0,ide — »« be des,gned in a manner so « 
may hybnd 1Z e to a homoiogous comp.emen.ary nucieic add or nucleic add anaiogue (tome, 

subT 7? Pre,6rab,y ' ^ 0 »~« d ° - oiigonudeo«de anaiogue ma t ^ 

inlTT m * nbry 10 "* 0UC * iO ** 1 *» «"*»«*. « 'east one 

.mediator pseudonudeobde is posiHoned so «ha, when .he oiigonudeobde anaiogue is 

hybnd,zed w,«h toe torge, nudeic add. toe intorcaiator pseudonudeoUde is posZeTs a 
buige .nserbon. i.e. toe upsbeam neighbouring nudaotide of ,ha intorcaiator 
pseudonudeoUde and toe downstream neighbouring nudeoHde of toe Intorcaiator 
pseudonudeotide are hybndized to neighbouring nucleuses in toe targe, n^Tacid 

duplex fon^T P r d ° nUde0,,de te P°~ "ex. to eitoer or both ends of a 
duplex formed between the oligonudeotide analogue comprising toe intercalator . 
P-^nudeo«de and its targe, nudeotlde or nodeottde analogue, tor example .he 

.nton^.orpsaudonuctoobdemaybeposmonedasadangl.ng.co-stockingend. '. 

hte ^<°f Pseudonucleottdes ^ 
analogue can be posl«toned so toa, when ,he digonudeobde anaiogue Is r^r^Z toe 

t nUdeiC add ' a " '"^"PseudonudaoBdes a re posi«oned as bu^CLT 
and/or as dangling, co-stacklng ends. insertions 

below: EXan *" eS ° f °" 90nUCle0 ' ides ■ pseudonudeobdes are depicted 
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Ni-(P-N 3 ) q -N 2 . 
• (PVN 2 . . 

Nl-(P)q. • 
. (P)q-N 2 -(P) r , 

Nr(PXrN 4 
Ni-CP-NaVNa-fP-Ng)^, 



10 wherein 



15 



20 



25 



Ni. N 2 , N 3 . N 4 individually denotes a sequence of nucleotides and/or nucleotides 
analogues of at least one nucleotide 

P denotes an intercalator pseudonucfeotide. and 
q and r are individually selected from an integer of from 1 to 10. 

■ . 

* » 

« • 

EXAMPLES 

* 

m 

Example 1 

* ■ 

Preparation of an Intercalator pseudonueteoflde or INA 

1-Pyrenemethanol Is commercially available, but it is also easily prepared (ram 
pyrene by Wsme,e,HaacK romi u,a«on rol ,owed by reduction w«h sodium borahydndTand 

™ COnVerSto " 0Mhe ^ ""^ *"* Hcnloran^yOpyrane In 

i 

The acycilc amidite .5 (Figure 7) was prepared from (SW4-2.2K.imethyl-1 ,3- 
d^ne^a™, and Hchtoraraethyflpyrene ,„ S2% overall ^ ^ ^ rf 
(F«ura 7, B accompilshed using KOH for the elation reaction, and using 80% aqueous 

aTfndt r 9,Ve r ^ 3 <R9Ure ^ Wh '° h fe ^ ~^.ch,orlde (OMT- 

Cl) a d flnaily raaCon «* 2-cyanoethy, /V.-V./V. W '- tetralS oprapy, P h 0 sphorod,a m id,h 
ta-ae, compound S (Rgura 7, in 72% yield. The yieid In the tetter reason step was 



affords 
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T T '° Whe " 2:Cya^0e,hy, ~^»~^Phosphor amidite was 
used as the phosphorating reagent. The synthesis of the aoycllo amidite 5 is shown 
schematically In Figure 7. 



Pyrenylcarbaldehyde 



A mixture of N-formyl-N-methylaniline (68.0 g; 41 .4 ml; 503 mmol) and o- 
drchlorofcmzene (75 mL) was cooied on an ioe bath and added phosphoroxychtoride <88g- 
440 mmoi, over 2 hours so ,ha, the tempera^ do no. exceed 25»C. Pulverized Pyrene (50 
g. 247 mmot) was added in smail portions over 30 min and the raacton mixtere is equipped . 
«* a condenser and heated a, 90*5-0 for 2 h OUre . After coding to room temperature the 
dar* red compound was filtered off and washed w«h benzene (SO ml). Then it was . 
bansferred to water (250 ml, and sttred over night. The yellow*ldehyde was ffltercd and 
washed with water (3.50 ml). Recrystalllzed from 75% ethanol 3 times. Yield: 30.0 g 

(52.7%). " 



1-Pyrenylmethanol 



1-Pyrenylcamaldehyde (10.0 g; 43.4 mmol) was dissolved in dry THF (50 ml) under 

J" <"* « 22 mm0,> ^ — "*■» over 

The mactan mature was stimed over nigh, at mom temperatem and c^stelfeing me pnxtuc, 

177 7 S ' Wn » — ' <» -* The pmduc is «emd. washed with water ,4 1 ^ 
and dned under reduced pressure. Resized from ethy, acetate. Yield: 8.54 g ,84.7%). 

1-(Chloromethyl)-pyrene • 

ml- 4i '- PyK " y[meman °' < 6 - 40 « 27 6 ™°'> was dissolved in a mixture of pyridine (3.3 
ml. 41.3 mmol) and C H2 CI 2 (,oo ml) and me mixture is cooled to 0°C. SOCI 2 (3 0 ml- 41 3 
mmol) was added s,owly over 1 5 min and me temped was altewed «o Hse slowly to ' 

I TZTZ ^ ° V9r " m ^ mMUre — "» «*• water (200 

ml, and added CH 2 C M ,00m„. The n*dum was s«nad for 30 min. The organic phase was 

washed wHh 5% N aH 2 0O 3 (2,75 m,, and hdne (2x75 m„,espec B vely. dded with slm 
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sulfate and concentrated under reduced pressure! Realized ., ram toluene/ petrateura 

ether. Yield 6.75 g (97.8%). 

* m * * 

■ • 

■ * 

9 

( s )-( + )-2,2^imethyl-1,3-dioxafane-4-methanol 

> Pulverized KOH (25 g) end 1-(Chloromethyl)-pyrene (6.0 g; 23.9 mmol) was added' 

toaso,^,,,, of (S>e)-2,2-dlme<hy1-1 .Wioxalane^-methanol (2.6 g; 19.7 mmoi) in dry 
toluene 250 ra„. The mlxtora was rafiuxed under Dea^ mnations f „ J^** 
to mom temperatura and added water (150 ral). The organic phase was washed with water 
(3,100 ml), dried with a combination of magnesium sulfate and sodium sulfate and 
concenwed under reduced prassura to a thick oil. Silfca gel chromatography (CH^fc, . 
afforded the pure compound in 6.1 g (90%). 

* 

( R )-3-(1-Pyrenemethoxy)-propane-1,2-<fiol 

mixture of acetic acid and water (100 mi; 4:1) and is stirred at room temperature for 19h 
Concentrated under reduced pressure. Giving an oil in quantitatively yield. 

■i 

(R)-3Kl-Pyranemethoxy>propane-1,2-diol (760 mg; 2.48 mmol) was dissolved In dry 
pynd,ne (20 m„ and added dimethoxylrity, crilonde (920 mg ; 2.72 mmol, The raacT 
mMura was stirred in 24h and concerned under raduced pressure. Purified by silica ge, 

STS^^T oyclohe,<ane ' We,hy,amine 49:49:2) to ^ a -* ,oam 

• ♦ • 

7« H4 ' 4 '" D ' TO ' ho ^ h ^ TO ^)*Py«nememyloxy-2:prapanol (458 mg- 
ZZl 2 - C)an0S,hy, - N ' N ' N ' N, - te ^°-P~han (453 mg ; 429 * 1.51 mmol, and 

sfimsd under mfrogen atmosphera for 6 days. Purified by silica gel chromatography (ethyl 
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acetate/ cydohexane/ triethylamine 49-49?\ an n **** 

y eirn,ne «»-48.Z) and dried under reduced pressure. Yield 438 
mg (72%) as a white foam. . e,a * JO 



Example 2 
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Afternative synthesis procedure for 3.(1-Pyrenylmethoxy,.propa n e.1,2-dio. 

: 1-Pyrenylrnethanol (232 mg; 1 .0 mmol) was dissolved in hot toluene (2 mL over Na) 
CSF (7 mg; 0.046 mmol) is a_dded and stirred for appro, 1h at room temperature when" 
chloro-1 ,2-propandiol (1 70 mg; 1 .53 mmo.) is added. The mixture is stirred at 80°C for 2h 

flal° W° hT T eratUre ^ ^ PredP,tated Pr ° dUCt fe Separat6d fr ° m *. mixture by 
..filtrafon. Washed w.th cold toluene (2 x 1 mL). Yield. 220 mg (72%). 

Synthesis is shown in scheme 1 of Figure 8. 



Example 3 



Synthesis of the 2-0 phosphoramidite of 1-0^4'-dimetoxytrityM.OK9- 
15 antracenylmethyl)-l,2,4-butanetriol 

Schematic view of the synthesis of the 2-0- phosphoramidite of 1-CM 4'- 
d.metoxytrityM-^g-antracenylmethy.H .2,4-butanetno. is shown in scheme 2 of Figure 9. 



9-anthracenemethylchloride (II) 



!0 



^anthracenemethanol (0.81 g; 3.89 mmd; „ was dissolve<J in dIy ^ d|ne 

d^Lr°' } Tl^ Ch2C ' 2 - ^ S "" ,n9 a * °° C SOCI * < 423 •* »'—0 was added 
dnapw.se. and ,he mi *ure was sUned far 24h during which the tampan is aled ,o rise 
.0 roan, temperature wilhin a,. The naacUen was paurad onto spring H.O (60 nZw^T 

T 2 (49 m °- The 0,9an,c washed - a s% n ~ 

(100 m ,)so l u ton ,bnna(100 ml )andwatar(100 m ,) re specUva.y. Dried over Nas SO. and 
cencentraled /n vacuo. Yield 665 mg (75%). 4 

*,2-D- *WB««^^ 
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O^nthracenemethylchlorid (628 mg; 277 mmol) wee dissolved in dry toluene (25 ml 
over Na) end 2-t(SW.2'-dime.hy,-r,3^o X e, a „^ yl H t heno 1 (506 mg; 3.5 mmol) and 3 
emeu spoons of KOH was added. The mixture was connected to e Deen-Stark apparatus 
and stared under reflux conditions over night. The reaction mixture was slowly cooled to 
room temperatore and washed with Hj O (4x 25 ml). Dried over Ne a S0 4 and concentrated ,n 



4 -°-<S-anthracenylmethyl)-1,2,4-bulanefriol(IV) 

10 sflr«H T °,r T e " C ° mPOUnd addBd 8 ° % * 0H <5 ° ml > and *• wee 
shrred ,n 24h at room temperature. The mixture wee concentrated in vacuo over night end 

punfled by short, fast siUca gel chromatography (impurities were Are, eiuted with ch!c, 2 end 
product was then eluted with 5% MeOH in CH 2 CI 2 ). Yield 56.3% over 2 steps. 

■ 

16 sfl mri T M . (42B ma 1 "° mm00 ^ DMT " CI Was mixed in *» «**» <5 ml) end 

ouriTri h "T T^* ** ^ ^ ^ ^ » l„ vacuo end 

punfled by s„,ce gel chrcmetography (BOAc^H,,*!©), 63:35:2). Co-eveporated with 
ether (5 ml over Ne)efter which a yellowish foam was isoieted. Yield 630 mg(74%>. 

20 PMprioram^e of f ^4.4^ em0 x W ;^^ raM— y>J 2 

. The DMT protected enthracene compound wee dissolved in dry CrfcCfc (7 ml) end 
d»eopropy,ammonium tetrazotide (252 mg ; 1.5 mmoi, end 2-Cyanoethyt N.N.N-.N-- 
tetraisoprapy. Ph osphene was edded. The reaction mixture was stirred for 20h at room 
temperature. Concentreted m vacuo and purified by silica gel chromatography 

J™^' 603 24:74:2> - ** — V - -r Na, to JL a yeitowish 



Example 4 
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Synthesis of the phosphoramidite of (S),1-(4 f 4^imethoxytriphenylmethyloxy)^-( 7 
d.memyl-pyrido[3\2':4^^^ ^ 

Synthesis of the phosphoramidite of (S).1.(4,4^imethoxytripheny.methyIoxyH-(7 9- 
dimethy.^^ ^ ' ^ 



) 



7 ^<l'methyl^yrido[3',2-:4,5mfeno[3.2^pyri (l) . 

7,9^imethy|. P yrido[3\2M,5Jthieno[3,2KJJpyrimidin^( 
accordmg to literature procedures (Schimdt. U. & Kubfeek, H.. Chem. Ber., 93, 1559 
(1960); Hassan. K. M. etal. Phosporous, Sulfur, Silicon Relax. Elem.. 47, 181 (1990V 
Gewald, K. & Jansch, H. J., Prakt. Chemie 313-320 (1976). 

dlpynmiiiin-4(1H)-one (II) 

^^™<iMyZA.S\to^2-<^^ w> ^ (116 s 0 

rr« t/t™ dmf <2 ° and NaH <o - 2 9: 50 m ™'- eo% *p— > »*— 

o*> was added. The mixture was stirred for 2h until all H 2 evolving ceased. Then (SW.2- 

(0,78 g; 5.1 mmol) was added In 
one portion and the mixture was stirred for 24h at 80°C. The mixture was evaporated to 
dryness in vacuo, co evaporated with dry toluene (3 x 10 ml) in vacuo and the residue was 
0T1 g; 45% a ^ (5% EtOAc in CHC, 3> *> 0- a colorless product. Yield 

p 

a 

m 

■ 

Pynd o[ 3',2':4.3 ) thleno[3, 2 ^p yT i r nidin-4(1H^one (0.75 g; 2.1 mmol) was slined at room 
tenure in 80% AcOH <20 m L , for 24h. The product w.s obteined bv concenfration !n 

^iT^TTT BOH - ^ by S " iCa 861 (5% MeOH in 

OHCJ 3 ) to get the colorless product. Yield 0.5 g (75%). 
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dlpyrimidln-4(iHi-om>)-2-butanol (IV) 

» . 1 ( t W, r iTOm ^^ :4 *^ 2 ^* ln ^ 1 H)-ona)-butan-1 .2*! 

aoded stw ? ^ Pyridine <5 m ° and DMT -° < 0 - 71 « 2.1 mmol) was 
MM Sbrred at room temper over night concent to vacuo and co evaporated 

£y dy< toluene (3 x 10 ml). The residue was purified by siiica gel chromatography 
(EtOAc^H^Et), 49:49:2) to yield a white foam. Yield 0.77 g (65%) 

PhosphoramiMe <*^^-<*i^ . 
Py»*o[3',2V,5]thieno[3,2^]pyn^ ^ 

j 1 n '^'^ Dl « a "<>'<310mg;0.5mmol).wasdissolvedundernitrogenin 

anhydrous dtchloromethane (10 ml). Dilsopropylammoniumtetrazollde (0.1 1 , o 67 mmon 
was added followed by dropwise addition of 2-Cyanoethyl-N N N' N'- 
tetrateoprapytphophoradiamidite (0.3 g; 1.0 mmol) the raaotion was stirred over night under 

^TT™- COnC ° n *** d — « * silica ge, ohromatograp y 

(EtOAc:°CH„:N(Et) 3 4g:45:12) to giye a white foam. Yield 345 mg (84%) . 



Methylation • 



■ 

„„ht T Unt " **~ ** <" ««n* DNA has Implications H, many 

condfons suoh as aging, stem eel, differentiation, genetic abnormal, oanoerend oLr 
d*ease states. A number of important .mpHcations of methylate „ states were seTou, 



The fusion of Embryonic Stem Cells with adult thymocytes to examine the 
rapragramming that oceura at the level of DNA methylation after the fusion has been made 

STST IT c X Tr " *— " * — examlnln 

(Tada etal.. 2001; Current Biology, 11, 1553-1558). 

feati ^* am ' na " on °^ methylation patterns in specific DNA regions In the Cnicopafhologica. 
featores of sporadic colorectal canc^ as an 'inexpensive and accurate way of Z^Z 
such fumes (Ward efe,., 2001; Out, 48,821-829), and are mefhylatton patterns intern cells 
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15 



20 



l" TZTZTTn ? * a '" 2001 ' PTO0 Na " S * USA " 98 ' 1 »19-105 2 1 ; y atebe 
etal..2001,p roc .Nall.AcadSclUSA.onlineedilion) • . 

-7 """" """"" «*• "» ="~ — » •■• 

Methy/ation patterns in breast cancer (Nielsen et a i ?nni 
69). UNieisen et al.. 2001 , Cancer Letters, 163, 59- 

» 

louroee et al., 2001, J Natl Cancer Institute, 93, 691-699). 

adenn Me,hy,a °° n * *** DNA h ^ P ' 3Sma " P—* with esophageal 

adenocarcnomas (KawaKami et al., 2000, J Natl Cancer lns«tute, 92, 1805-1 811, 

2000. :r:z™i c z r oter in hereditary ^ 9aswc - 7 *»* - 

Genomic imprinting, in which, for example, a paternal allele of a gele is active and 

the maternal allele is inactive, or vice versa Thiols ■ ' 
r~„*u .x- versa, mis inactivation is accomplished via 

methyiauon changes in the genee involved, or in sequences nearbv toTTm^ 



25 



methylalion patterns of donor nuclei that »*>.» .. • . 

•hough, to be the reason whv Ze L su^ a h oT^ "* ^ ^ "* b 

These dieted nuciei " **■ eXPerimen,S - 

ones surh ae c u . ^programming that less differentiated 

Znhr aS ; n , Embry0n ' C Stem CeHs <»<ang et al. 2001; Nature Genetics. 28 173 177 
Humphreys et al., 2001, Science. 293. 95-97). 173-177. 
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(S mi j!^TZ77 ethy T n PattemS f " 24 CanCer - " nes -sus norma, issues 
^miragiia et al.. 2001. Human Molecular Genetics. 10, 1413-1419). 



I 
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' nsertion - DNA Wo a non methyteted M gene consfruc, to examine 

99nS ^"«ng (Holmgren e, a... 2001. Cunan. Biology. 11. 



Methylation patterns fn mature B cell lymphomas, where specific genes were 

5 * m ~" «-~ * 3L. 2001, Proc NatJ Acad SC USA 98. ,0^10409, 

1099 . TTT Pa " emS * Partla,lar 96neS aoute mye,oid ,eukemia < M <« - al 

1999, Leukemia, 13, 877-883). 

math ■ CTf * ^ 9ene kmCkM miCe: This te h"*- » Ending to 

10 mhented neurological disorder (Guy et al.. Nature Genetics. 27. 322-326) 

u, rera r:r ztaTi 5 ; t durin9 *• ~ - * 

vuiiiis, ( issa et at.. 2001. Cancer Research, 61, 3573-3577). 
Loss of methylation in the processes of apopiosis, which Impinge upon signal 
mnsducon pa,hways, cefi cycte control, movement of mohile eiell «Z ZLome 
is (Jacksor*3rusbyetal.. 2001. Nature GeneBos. 27, 31-39). ^ 

«*.^nr of *■ me,hj " a ' ,on pattBms * promo,er and " re »*« <" 

; Z^ZTJZT 7 :T to de,emire "» •"*"»"" —rvatlon or ,ac k 
XZZZ? " re9U ' a,i0n (CUadra<to et al " ««■ ^BO Reports. 

* 

' . DNA "-M-ta. patterns In testicular sperm a. different developments staoes 

(Manning etal.. 2001. Urol Int. 67. 151-155). pmenrai stages 

Immune histochemlcal staining using a monoclonal antibody to analyze DNA 
methyla^on patterns (PlyaMake et 3... ^ Btotecfmfc and 
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Induced changes In ,he processes of chromatin remodelling. DNA mathyfctton and 
A™<rT^ ^ uavelopmen, dua to changes in ft. axprassion of Ihe 
ATRX gene whrch g W a rtsa to mental retardation, facial dysmorpbism. urogenital 
abnormal and alpha malassemia (Gibbons at a... 2000, Nature Ge natlcs, 24. 368-371) 

5 of the ^ToZ^Z ™' hy,a,ed " Unme,hy,a,ed »~ 
^r^n r ~ ^ " al - ^ J B **°<>'«' Chemlshy. 

275, 24893-24899; MHIaretal., 1999, Oncogene, 18. 1313-1324). 

Se m lnan!tr! a!ton TT ° fa9ln3 ^ * a '~ «* 

Seminars in Cancer Biology, 9, 349-357). 

(Post etTltrctd" 069 ,n , a9ln9 ^ *"* in *• Avascular systom. 
^ost et al„ 1999. Cardrovascular Research. 43. 985-991) and during normal aging end 

cencers ,n colorecrai mucosa (Ahuja a. a... 1998. Cancer Research. 58. 5489-5^) 

Methytatton patterns in germ cells and Sertoli cdlls In testis (Coffigny eta. 1999 
Cytogenet Cell Genets, 87, 175-181). . 

zebrefish™ TT" 0 " ""^ *•*•»»* * ™*" vertebrates such as me 

zebraflsh (Medeod etal., 1999. Nature Genetics. 23. 139-140). 

Methytetion patterns in the promoter regions of the human histo-blood ABO genes 
(Kominato at al., 1999. J Biol Chem, 274. 37240-37250). 

Mediation patterns during mammalian presentation development using 
monoclonal antibodies (Rouoier etal moo . P™m using 

^rrougieretal., 1 999, Genes and Development, 12,2108-2113) 

1997 rr!" Pat,OTS ° y -"«* °nemotherapeutic dregs (Nyce 

1997. Mutabon Research. 386. ,53-161; Nyce 1989. Cancer Research 49 5829-58^ anri 

(Kay et al., 1994, Molecular Carcinogenesis 9, 155-166). 

(Grigg ZTnl "**~ >° °NA by me bisulfite sequencing method 

^ngg, 1996, DNA Sequence, 6, 189-198). 

Isolation of CpG islands using a methylated DNA binding column (Cross et al 1 994 
Nature Genetics, 6, 236-244). ' 4 ' 
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Is KSHV lytic growth induced by a methylatlon-sensltlve switch? (Laman and 
Boshcff. Trands Microbiol 2001 Oct; 9(10) : 46«). Both latent and lytic growth of Kaposi's 
sarcoma^ssodated herpesvirus (KSHV or HHV-8) contribute to its pathogenesis. 

As can be seen from the large number of examples of different methylation states 
and ,mp,«a 8 ons provided above, it will be appreciated that me priasen. invention offers a 
healttt^ ^ s * uc 'y °^ methylation and thus is useful for many aspects of disease and 

m • 

Tablel ^someexamplesofsolidsupportsusefulforattochingcaptureliBands 
10 ZZZZT* T — — chdcesofdetocto r systoms for usel ^ 



Table 1 



Solid supports for attachment of capture ligands 
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Detection systems for detection ligands 
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MATERIALS AND METHODS 
Intercalating Nucleic Acids (INAs) 



5 can * J 9 " UC,eiC ^ (,NAS> ~ erring potynudeoBdes which 

«ndX r ei ° addS <DNA ^ RNA) - s INAs aT 

cand,dates as alfematives/subaitutes to nudeic add probes ,„ probe-based hybnLion 

properties. INAs are oolvmpre 
hybridize ,o nudeic adds «o forn, hybrids which are more mermodyn J^lao , 
™«pond,ng „ U c,e,c acld/nudeic add comptec They ara no, sulafcs I ^e™ 

srar bi r2r P rr:rr e r dds - — — - 

n, , 5ampleS ' as vye " as - have a longer shelf-life than naturally bccurrina 

hybridization of nucleic acid to nucleic acid Th aKn ^ * murine 

,NAs are ^thesi^d by adaption of standard oligonucleotide synthesis 
procedures in a formal which is commercially available 

probes ^3,^ ^ bB,Ween ,NA PTOb8S a " d sta "*»« "»■* acid 

OTbes. These deferences can be conveniently broken down into bioiogical structural and 
physico-chemical differences A«;diQ^,co^ u structural, and 

and physico-chemlcel o^Z be '° W ' """ bl0,0 9 ical - st ~^'. 

eguKralenoy of differing compositions is often observed in ^IZT 

centra, ^1^^^"^ ^ " ^ ~ « "* * 
Thoir /„ . • a96nts of 9ene,,c transmission and expression 
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Structurally. INA also differs dramatically from nucleic acids. Although both can 
employ common nucleobases (A, C, G, T. and U), the composition of these molecu.es is 

ZTvT™. ThebaCkb0neS0fRNA - DNA ar *d INA are composed of repeating 
phosphod,esternbose and 2-deoxyribose units. INAs differ from DNA or RNA in having 
> one or more large flat molecules attached via a .inker mo.ecu,e(s) to the poiymer. The flat 
molecules .ntercalate between bases in the complementer DNA stand opposite the .NA in a 
double stranded structure. Ina 

The physico/chemical differences between INA and DNA or RNA are also 
substantia,. INA binds to comptementary DNA more rapidly than nucleic acid probes bind to 

the ZLT SeqU6nCe- UnHke " ^ fra9mentS ' ' NAS bind >™>y t<> ^A unless 

■^^nrT " ' OCated ln t6rmina ' P ° SftfonS - B6CaUSe ° f ^ Str ° ng WeraCb ° ns 
o ZZTZT 9 9r ° UPS S6S °" *• ^—tary DNA strand, the stability 
of the .NA/DNA complex is higher than that of an analogous DNA/DNA or RNA/DNA 
complex. 

Unlike other DNA such as DNA or RNA fragments or PNAs, INAs do not exhibit self 
aggregation or binding properties. 

In summary, because INAs hybridize to nucleic acids with sequence specificity INA s 
ate usefu candies fordevetoping p rob e-based assays. However. INA probes are ™Z 
orient of nucleic ectd pmbes. Consequent*, any method. kte or commons whi^ 
couH mprove me spectflcty. sensitivity and reliability of phased assays wouid be 
useful in the detection, analysis and quantitation of DNA containing samples. INAs have the 
necessary properties for this purpose. "snaveine 

ft 

Sodium bisulfite - a specific deamination method 

Standard methods for treating nucleic acid with sodium blsufite can be found in a 
number of references including Frommer et al 1992. Proc Natl Acad Sci 89:1827-1831 ■ 
Gngg and Cla* 1994 BioAssays 16:431-436,. Shapiro e, al 1970. J Amer Chem Soc 92 422 
o 423; Wataya and Hayatsu 1972. Biochemistry 1 1:3583 - 3588. Some improvements to ' 
these protocols have a.so been developed by me prcsent inventors 
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Detection systems 

Coating Magnetic beads 



10 



.ttpMh^ ^attached to magnate beads modified wKhavidin or 

? Cart>0><y,a,e m0< " fied Ma 9" abl "°™ "eads (Pierce, or 100 pi of 

rt™^* «*»0 .«"■ deferred ,o a dean 1.5 m, *,be 1 90 pi of PBS 
solution added to the magnetic beads. eno su pi of PBS 

were wTe^,;~p d Bt;~ ^ * ~ n ' "~ ^ >~ 
buffer OH 4 5 oTancZ h 1 7 in 90 * SO mM MES 

tter P H 4.5 or another buffer as determined by the manufactures' specifications. 

One pi of 250 pM IIMA, DNA LNA HMA ami m u > , 
specific actMty of the selected INAasdet T' (MnCamra,ion **■*■« °" ■» 
o»„o rtm . . , .. 5 determined by oligonucleotide hybridisation 

z: ;zr " d ,o - samp,e and ^ - «~~ - « - for 

H- . T 3 * BShl> ' PrePared 25 mfl/M EDC so,uU °" (Pierce/Sigma) is then added 
- sampie verged and incubated a. eKher room tempered or 4»c ibr up fo ^ m^fe's 

riecessaTbelT TT dlSCanted an ° * a „ 

= be bfocKed by the addmon of 1 00 p, e«her 0. 25 M NaOH or 0.5 M Trie pH 3.0 for 

■ 

* PBS JUT *" WaShedX2 Wth PBS «**» - "na-y resuspended in 100p, 
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Hybridisation using the magnetic beads 

other comnLtai I „ ' <aon,ech) e ' ,her neal « diluted 1:1 in distilled water or any 
omercommeretalor^ousehybrid^onbuffe, Vm buffers may also contain eimer 
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clonic/anionic or slants at known concentration or other additives such as Heparin 
and poly amino acids. 

Heatdenatured sample of DNA 1-5 p. was then added to the above solution and the 
tubes vortexed and then incubated at 55°C or another temperature depending on the melfng 
temperature of the chosen INA for 20-60 minutes. 

* • 

The samples were magnetised and the supernatant discarded and the beads 
washed x2 with O.IXSSC/O.msDS at the hybridisation temperature from eariier step for 5 
minutes per wash, magnetising the samples between washes. 

■ 

* 

Dual INA capture 

■ 

INA#1 was coupled to a carboxylate modified magnetic bead via a N- or C-terminal 
am,ne of the INA and washed to remove unbound INA 

The INA/bead complex is then hybridised to the target DNA in solution using 
appropriate hybridisation and washing conditions. 

m ^nH The w7 et ^ re ' eaSed fr ° m the ma9netlc bead usi "9 appropriate 

^ *° 3 tUb6 C ° ntalnln9 3 S6COnd ,N ~etic beads complex 
targeted to the opposite end of the DNA molecule. 

target DNA ,n solufton using appropriate hybridisation and washing conditions. 

A third INA or oligonucleotide complementary to the central region of the target DNA 
oCT " 8 m0,eCU ' e ' ™ S m0feCUte « "° <" * ™-ber 

yjt ways. 

(i) The INA, DNA, LIMA, HNA, ANA, MNA can be directly labelled with a 



('0 



(Hi) 



radioactive isotope such as P 32 or |« and then hybridised with the target 
DNA • 

The INA, DNA, LNA, HNA, ANA, MNA can. be labelled with a fluorescent 
molecule such as Cy-3 or Cy-5 and then hybridised with the target DNA. 
An amine modified INA. DNA, LNA, HNA, ANA. MNA can be labelled in either 
of the above ways then" coupled to a carboxylate modified microsphere of 
known size then the sphere washed to remove unbound labelled INA PNA or 
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(iv) 



(V) 
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oligo. This bead complex can then be used to produce a signaf amplification 
system for the detection of the specific DNA molecule. 

The IMA. DNA. LIMA, HNA. ANA, MNA can be attached to a dendrimer 
molecule either labelled with fluorescent or radioactive groups and this 
complex used to produce a signal amplification. 

The INA. DNA, LNA, HNA. ANA, MNA labelled in any of the above ways and 
hybndised to the target DNA on a solid support can be released into solution 
usmg a single stranded specific nuclease such a mung bean nuclease or S1 
nuclease. The released detector molecule can be read in a suitable device. 

Preparation of radio-labelled detector spheres 

such asTn'^' ^ ^ *** ^ * — 3 ' ° r 5> «-* «™ * ™lecule 
such as an amine group, thiol group or biotin. 

• The labelled molecule can alsohave a second label euoh as P» or ^incorporated 
at the opposite end of the molecule to the first label. "corporated 

This dual tabelled detector molecule can be covalently coupled to a carafe or 

m It r ^ ° ,knOWn ' linKer ^ as 

° , " r Su,table ■» also be used depending on the assay. 

The unbound molecules can then be removed by washing leaving a bead coated 
with large numbers of specific detector/signa. amp, ffl ca, i0 n moleLes 

signal anXtr °" ' h6n " ^ ™ "* <* «— - 



Preparation of fluorescent labelled detector spheres 

An INA, DNA, LNA, HNA. ANA, MNA can be either 3' or 5' labelled with a molecule 
such as an amine group, thiol group or biotin. 

The labelled molecule can also have a second label such as Cy-3 or Cy-5 
.ncorporatedattheo P po S iteendofthemoleculetothefi re tlabel. 

or modified lead If k^ ^ " * ^ * 3 — 

mod,fied latex bead of known s, 2 e using a hetero-bifunctional linker such as EDC. 
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The unbound molecules can then be removed by washing leaving a bead coated 
with large numbers of specific detector/signal amplification molecules. 

These beads can then be hybridised with the DNA sample of interest to produce 
signal amplification. 



Preparation of enzyme labelled detector spheres 

An INA, DNA, LNA, HNA; ANA, MNA can be either 3' or 5' labelled with a molecule 
such as an amine group or a thiol group. 

The labelled molecule can also have a second label such as biotin or other 
molecule, such as horse-radish peroxidase or alkaline phosphatase conjugated on via a 
hetero-bffunctional linker at the opposite end of the molecule to the first label. 

» 

This dual labelled detector molecule can now be covalently coupled to a carboxylate 
or modified latex bead of known size using a hetero-bifunctional linker such as EDC. 

The unbound molecules can then be removed by washing leaving a bead coated 
15. wrth large numbers. of specific detector/signal amplification molecules. 

These beads can then be hybridised with the DNA sample of interest to produce 
signal amplification. 

■ 

Signal amplification can then be achieved by binding of a molecule such as 
streptav.d.n or an enzymatic reaction involving a colorimetric substrate. 
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INA oligomer combinations 

In all of the above cases the initial hybridization event involved the use of magnetic 
beads coated with an INA complementary to the DNA of interest. 

The second hybridisation event can involve any of the methods mentioned above. 

,k nJ 1 ?- hybridiSati ° n rea< *° n ™ be done a second INA complementary to 

TZnJl TT 3 " " ° ,i90nudeotfde or ™ di ^ oligonucleotide complementary 
to the DNA of .merest. As fluorescent beads of convenient size in these assays carry >1 J 
fluorochrome molecules and a single fluorescent bead can be detected readily, the method 
has the potential sensitivity to assay one or a few DNA molecules from one or a few cells 
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Dendrimers and aptamers 

c™ tm „T' imer5 ^ branChed tre? '" ke mb ' eCU,eS ** ^ *» *""■»* s*n»«i-d ,n a 
5 molecules. T*ey were synced stepwise fro. the ^ t0 me „ 

One of the most Important parameters governing dendrimer structure and its 
genenrton is me number of branches generated at each step; mis determines the number of 
repebtn/e steps required to build the desired molecule. 

Dendrimers can be synthesised that contain radioactive labels such as l« or P*or 
i fluorescent, abeis such as Cy-3 or Cy-5 to enhance signa.amplinca.ton. 

Altemattvely dendrimers can be synthesised to contain careoxylate groups or any 
other reacbve group that could be used to attach a modified IMA, PNA or DNA mote cuT ' 

METHODS 

• a 

sand • 11 ^ RaUre 12 *~ eXamPteS * me ms,hod * me "™»"««n using 
*™ m Slgnal amplmcat|on us|ng soBd supports an<j ^ 

though INA is exempted as me llgand in Figure 1 , and Rgure 12. 1, v.,, be appreciated ■ 
!e!hods " *"* ^ 88 <*°°"<"*°°»«°s <*» "a used In Z. 

A solid support in the form of a microliter well was provided and coated with N- 
oxysuccm.mide to assist in the adhesion of INA or other ligand to the we,,. 

is addedTa! ■*** COmpleme "^ 10 a **' «ne « nucleotide sequenca 
added to »» well and attached to this solid support. 

Bisulfite treated DNA was then added to the well and allowed to hybridise with the 
2 ^ captore the targe, DNA which had hybridised to the INA and subsequent bound to 

^ — »« washed to remove the hybridisation solution. and any non- 
hybndrsed PNA leaving only the hybridised DNA captured on the well. . 

nu ^,T 3 ,NA * WWCH — »"'*""»•■» <° * second P*t of me tei^et 

nuc.eot.de sequence was llnKed to micresphere beads having fluorescent labelling. Tne . 
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second linked INA was then hybridised with the target DNA already bound to the well The 
well was then washed to remove the unhybrldlzed second INA/mlcrosphere complex leaving 

label associated with the target DNA 

sequence. 

5 The fluorescence was then measured to determine the level of target DNA. 

■ 

Detection of methylated DNA using microspheres 

Methodology 

Referring to Figure 1 1 and Figure 12, the detection of methylated DNA using 
0 microspheres is shown. 



» • 

Coating Microtftre wells with capture INA 

* 

(0 The capture INA (0.0-100 pM per well) in 50 mM Phosphate buffer, 1 mM 
EDTA pH 8.5 (1 00 ui) was used to coat N-oxysuccinimide-coated microtitre 
wells {Costar Cat#2498) for 16-24 hours @ 4°C. 

Plates were washed with 100 M l of 50 mM Phosphate buffer, 1 mM EDTA pH 
8.5. 

150 Ml of 3»/o BSA, 50 mM Phosphate buffer. 1 mM EDTA pH 8.5 was added 
to each well and the plates left @ 4°C until required. 



(ii) 



(iii) 



Coating the Fluorospheres with detection INA 

4 

0) Fluorospheres (Molecular Probes) were sonicated five times for 5 seconds to 
break up any aggregated material. 

(«) The detection probe INA was diluted in a range from 300 pM to 0.3 pM in 250 
. ixl of sonicated 50 mM 2[N-morpholino] ethanesulphonic acid (MES) pH 6.0 
and 250 M l of sonicated fluorospheres added and the solution left at room 
temperature for 30 minutes. 
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(iii) 



(iv) 



(v) 



0.5 mg of 1^thyl-3[3 dimethylamine propyl) carbodiimlde [EDACi], Sigma Cat 
#E1 769, was added to the sample and the sample left 4-6 hours at room 
temperature in the dark then incubated 16 hours at 4°C. 

55 m of 1M glycine was added to the beads and the beads left at room 
temperature for 2 hours. 

The beads were centrifuged for 5-20 minutes (dependant on size of beads 
generally 0.5 jiM beads required 5 mins while 0.1 M M beads required 20 
minutes) at 14,000 rpm in a bench top centrifuge and the supernatant 
discarded. 

(vi) Beads were washed twice with 500 ^ of PBS/1 % BSA with centrifugation as 
before between wash steps. 

The beads were then resuspended In 200 m of PBS/1 % BSA and stored at 
4°C in the dark, until required. 

Variation of the number of INAs bound to the beads can be used to optimise 
sensitivity and minimise background levels. 



(vii) 



(viii) 



Hybridisation ofDNA 
(0 



(ii) 



(iii) 



(iv) 



E,ther control salmon sperm DNA or DNA that was bisulfite treated as in Clark 
at a, (Clark SJ, Harrison J, Paul CL and Frommer M. High sensitivity mapping 
of methylated cytosines. Nucleic Acids Res. 22: 2990-2997 (1994)) was 
hybridised with INAs coupled to microtitre wells then added to per well. 
DNA samples were mixed with 100 ul of ExpressHyb™ buffer (Clontech) 
added to the. wells and the plate covered with cling film or the wells overlayed 
w,th mineral oil (Sigma) for ionger incubations and the samples incubated at 
between 45-60°C for between 1-1 6 hours. 

Wells were then washed twice with 150 pi of 2X SSC/0.1%SDS @ 45-60<>C 
for 5-10 minutes per wash. 

The wells were further washed with 150 pi of 0.1X SSC/0.1o/ oS DS @ 45-60°C 
for 5-10 minutes and the wash solution discarded. 



I 
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(V) 



(vi) 



(vfi) 



(viii) 



(ix) 



The INA/fluorospheres were diluted 1/100 in ExpressHyb™ buffer (Clontech) 
and 1 00 pi of samples added to the wells. The plates were covered with cling 
film or the wells overlayed with mineral oil (Sigma) for longer incubations and 
the samples incubated @ between 45-60°C for between 1-16 hours. 

Wells were then washed twice with 150 pi of 2X SSC/0. 1 %SDS at 45-60°C for 
5-10 minutes per wash. 

The wells were further washed with 150 pi of 0.1X SSC/0.1% S DS at 45-60°C 
for 5-1 0 minutes and the wash solution discarded. 

Finally the fluorescent intensity of each well was measured at the appropriate 
excitation/emission wave-length for the particular bead (500/520 for yellow 
beads) in a Victor II fluorescent plate reader. 

Background values measured in wells to which no INA had been attached 
were subtracted from all readings. 



Method for the production of in-house coated radiolabeled beads 

(0 A specific oligonucleotide (or INA) is synthesised against the target DNA 

region of interest. This oligonucleotide contains a 3' amine group synthesised 
using standard chemistry (Sigma Genosys). 



(ii) 



m 



The oligonucleotide (or INA) was then 5' kinased using gamma P 32 dATP as 
follows: 

• Oligonucleotide (20 ng/pl)1 p| 

• XI 0 PNK buffer -j u , 

• T4 PNK 1u| 

• Gamma P^dATP 2 pi 

• Sterile water 5 

The sample was then incubated at 37°C.for 1 hour then heated to 95»C for 5 
minutes to inactivate the enzyme. 
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(iv) 



(v) 



10 (vi) 



(vii) 



0.1 MM carboxylate modified fluorescent beads (Molecular Probes Cat# F- 
8803) are diluted 1/10.000, 1/100,000 and. 1/1. 000,000 in sterile water then 
the kinased oligonucleotide coupled to the beads as follows: 
Beads • 1 , 

Labelled oligo 3 n| 

** • . 

50mMMESpH8.0 5 M | 

1 0 mg/ml EDC (Pierce) 2 ul 

The beads were then incubated @ room temperature for 1 hour to allow the 
kmased oligonucleotide to attach to the beads via the 3'amine. 

The beads were then spun in a micrefuge at full speed for 15 minutes to 
sediment the coated beads. 

The supernatant was. removed and the beads washed with 100 ul of PBS 
solution and spun as above. 

* 

The supernatant was removed and the beads resuspended in 50 ul of PBS 
Ox) The CPM of the coated beads was then measured in a standard scintillation 
counter using the Cerenkov counting protocol. The beads with the highest 
activity were then used as a detector system in the assay 
^ The idea behind this protocol was to produce the smallest number of beads with the 

Urea and methyoxyanilne conditions of use 

(i) Typically 2 pg of genomic DNA is restriction digested with an appropriate 
enzyme (as determined by the target DNA sequence) under the 
manufacturers conditions for at least 2 hours in a final volume of 20 pl. 
2.2 u, of freshly prepared 3 M NaOH ( 6g in 50 ml H 2 Q) is added to the DNA 
and the sample incubated @ 37°C for 15 minutes. 



(viii) 



5 



(«) 



(«») 



6.24 & of urea is added to 10 mi of sterife distilled water and the solution 
mixed until gently until the urea has dissolved. 
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Ov) 



(VI) 



(vii) 



(viii) 



(x) 



(xi) 



(xii) 



7.6 g of sodium metabisulphite (BDH Analar™) is then added and again the 
solution mixed gently until the bisulphite had dissolved. 

(v) The pH of the reagent is then adjusted to 5.0 with 10 M NaOH and the volume 
of the reagent made to 20 ml with sterile water. 

208 ul of the reagent is then added to the digested denatured genomic DNA 
sample. 

12 pi of 10-100 mM quinol is added the solution mixed and overlayed with 
mineral oil and incubated for 16 hours at 55°C in the dark. 
The mineral oil is then removed and the DNA purified using the Promega 
Wizard™ DNA purification system according to the manufacturers 
instructions. 

The DNA is eluted from the column with 50 pi of sterile water then 5.5 pi of 3 
M NaOH added and the sample incubated at 37°C for 1 5 minutes. 
At this stage 1/10 volume of methoxyamine (Sigma) from 1-100 mM can be 
added and incubated with the NaOH as an agent to minimise the nicking of 
the bisulphite treated DNA. 

In addition tRNA can or glycogen may be added at this stage to help 
precipitate the DNA. 

The DNA is then precipitated by the addition of 33.5 pi of 5 M NH 4 OAcetate 
pH 7.0 and 330 pi of 1 00% ethanol. 



(ix) 



(xiii) The samples are incubated at -20°C for at least 1 hour then spun down in a 
microcentrifuge at full speed for 1 5 minutes 

(xiv) The pellet is then air dried for 5-10 minutes and the DNA resuspended in 10 
mM Tris/0.1 mM EDTA pH 8.0 in volumes ranging from 10-100 p. dependant 
on the downstream processing of the modified DNA. 

Variations on (le above protocol are set out below. 

If very smal. ouanmies of DNA or dissected cells are to be bisulfite treated this can 
be done in a number of ways. 

• Restriction digestion can be omitted. 



t71 



• Urea can be omitted 



Glycogen or «NA or a combination of bom can be added at steps, flv), (vlil) and (x) . 
The bisulfite reaction can be done by encapsulating the DNA to be modified in 
agarose bead, and the entire reaction carried out while the DMA is in the bead. 

The time of the reaction with the bisulphite can be reduced from 16 hours to as llttte 
as 1 hour but more usually 4 hours. 
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SUMMARY 

■ 

The methods of the present Invention can be applied for the detection of any DNA 

cZZ f " " °" 90nUd ^ « *»« <° * so*, support and one 

«*d to . m^osphere. Nature, oligonucleotides or INAs may be used, but INAs wens 
preferred because of their specificity, stability and rate of hybridisation. 

in one particular adaptation, the methods of the invention can be used to distinguish 
*e presence o, memylated cyfosines in DNA .ha, has been treated wan sodium bleul 

reacted ™^ ^ blsumte (one or more ^ - 

d,s„ngu, sh ,ng be^een methylated cytoslnes a, CpG sites (which remain as cy*Zs and 
unmethylated CpG sites where (he cytoslne Is converted to uracil. 

a oain s , , ™aT adaP ' a, ' 0n ** ""^ '" WenS ° n <»" te <° <*~"™na,e 

aga,n . DNA whose cytoslnes have not reacted completely with bisulfite reagent to convert 
.hem to uracis because they happen fo carry a me,hyl group in .he 5' position 

cv,^- ^rr^ nt ^ b,SUmteCha ^* eSeqUen ^ of,heDNA ''y«'n^n g all 
cyfosmas (but no. 5-methy, cytoslnes, to era*, spec* INAs can be made which reccgnise 
a reg.cn awng 5 methy, cytoslnes bu. whfch wil, no. recognise the same seguenceZn 
happens to have no 5-me.hyl cytoslnes. 

allele ? S TO ' ,h0dS * " ,Ven ' fon a ' S0 " e applied to ■» ^'nation of different 
afotes o,a gene where the sequence of one or both o, me ollgonucteotldes or INAs wT 
malch perfecay with one allele but mismatch with the olher. 
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The method of the invention has numerous applications as previously described 

^^zz:r^ 9 mu,ep,e array - for rapw — - - ~ 

It wili be appreciated that the methods are applicable for many other states and 
condtos where different methy.at.on states have been found to play a ro,e in disease or 

TtmTIT ° f JUSt S ° me 96neS aff6Cted * CPG me ~ - *~" 

Table 3 The present .nvention is clearly applicable for the detection or measurement of 

such methylation states and many others. asurement of 



\ 
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Table 3 



Gene 



APC 



BRaC-1 
Calcitonin 



Estrogen 
Receptor 



Examples of genes affecte d by CpG or CpNpG mediation 
Location I Cancer 



5q21 



E-cadherin 16q22.1 



6q25.1 



11p15.5 
19p13.3 



IGF2 



11p15.5 



MDGI 



MGMT 



MYOD1 



1p33-35 
10q26 



11p15.4 



Colon, gastric, 
oesophageal 

Breast, ovarian. 

Colon, lung, 
haematological 



Breast, gastric, 

« 

thyroid, SCC, 
leukemia, liver 

Colon, liver, heart, 
breast* lung 

Wilms tumour 

Prostate, breast, 
brain, lung 

Cofon, AML 

Breast 

Brain, colon, Jung, 
breast 

Colon, breast, 
bladder, lung 



Comments 



No 



Yes 



Yes 



One of the first to be 
found methylated in 
cancer 



Good correlation 
between methylation and 
loss of expression 

Imprinted gene 

Candidate tumour 
suppressor 

Has large CpG island 
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Table 3 cont'd Examples ofgeh esaffected by CpG or CpNpG methylatlon 
Gene I Location I Cancer 



N33 



8p22 



Colon, prostate, 
brain 



Aging 

Yes 



Comments 

Oligo-saccharyl- 
transferase 



P15 



9q21 



P16 



9q21 



Leukemia, lung, 
colon 

Lung, colon, 
lymphoma, bladder, 

■ 

and more 



No 



No 



TIMP3 



Methylation occurs as 
frequent as deletions or 
other mutations 



22q12.1 Brain, kidney 



No 



WT1 



11p13 



Breast, colon, Wilms | No 
tumour 



» <» appreciated by persons skilled in the art that numerous venations and/or 
?"M» may be made to me InvenUon as shown in the specfflo embodiments without 
<hpM« from tt,e spin, or soope of me Mention es broadly described. The present 
embodiments were, meretbre. to be considered in at, respects as IliustreBve and not 



restrictive. 



Dated this 24th day of January 2003 



Human Genetic Signatures Pty Ltd 
Patent Attorneys for the Applicant: 
ALLENS ARTHUR ROBINSON 
PATENT & TRADE MARKS ATTORNEYS 
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Figure 1. Range of different backbone monomer units of nucleotides and nucleotide 
analogues, and how they are connected to the nucleobases via linkers that are attached 
at one or two positions of the backbone monomer unit. . 



Examples of oligomers of DNA, RNA & PNA 



DNA 



DMIQ 



Base 



RNA 




Base 



CN 



PNA 




Rcf. Nielsen, P. E ct al. Science, 1991, 254, 1497. 





"S o 
°\ O 
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Base 



DMTO 




Examples of oligomers of some analogues 

o 



Ref. Van Aeischot, A. ctal. Angew. Chan. Int. EcL Engt., 1995, 34, 1338-1339". 



MNA 



MMTO' 




Base 



OTBDMS 



CN 



Y 

Ref. Hossain N. et aL J. Org. Chem.. 1998, 63, 1574-158Z 

Base 



ANA 



MMTO 




CN 



Ref. AHart, B. ctal Chem. Eur. J. t 1999, 5, 2424-2431. 



LNA 



DMTQ 




Base 



O 

i 

o *b 



XT' 




I 
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Cyclohexanyl-NA (CNA) Examples of oligomers of some analogue* 



Base 





Ref: Wang, J.; et al. J. Am. Chem. Soc, 2000, 8595-8602. 

(2 r -NH)-TNA (3 f -NH)-TNA 



CN 






CN- 

Ref.:Wu, X. et al., Org. Lett, 2002, 4, 1279-1282 . . 



o o 



ReF: Maurinsh, Y.; et al. Chem. Eur. J., 1999, 2139-2150. 

Cyclohexenyl-NA (CeNA) 

• ♦ 

,OMMT 

Bas 





o o 




Or 

K 



K 



CN 

■ 

Ref.:Wu, X. et al., Oig. Lett, 2002, 4, 1279-1282 • 

TNA T 
MMTO 



\ 



o-V. / 

8^ 



Base 
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a-L-Ribo-LNA SeCti ° n ° f a nucleic acid of &e respective analogu 




es 

9-, Base - 

O Base 

O 9-. Base 



Ref: Rajwanshi, V. K-ct a]. Chem. Commun'., 1999, 1 395-1396. ~ 7 




V 



o 

^Base • 



° « ° 



Ref: Rajwanshi,* V. Ket al. Angew. Chem. Int. Ed., 2000, 1656-1659. 

* 

. P-D-Xylb-LNA 




Base 



Ref: Rajwanshi, V. K. et al. Chem. Commun., 1999, 1395-1396. 



a-D-Ribo-LNA 

DMTO 




Base 



<> — 1 Base 



Ref: Rajwanshi, V. K et al. Angew. Chem. Int. Ed., 2000, 1 656-1 659 





O 

Ref: Wang, G.; et al. Tetrahedron, 1 999, 7707-2724. 




Base 
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Bicyclo-DNA 

X 



6'-Amino-Bicyclo-DNA 5'-epi-Bicyclo-DNA 




Base 



H 2 N 




A 



O 



H 



Base 



CD- 

» : 

n ? 

0=P— O* 

o 

Bicyclo[4.3 .01-DNA 

H 



Base 



Tricyclo-DNA 




cc-Bicyclo-DNA 
X„ 

° H 



Base 




•»•• Base 



Base 




Bicyclo[3.2.1]-DNA 



Bas 



-o A H 




Bicyclo[3 .2.1 ]amide-DNA 

4 

cu-^k "O °l 




Ref: All of the Bicyc.o-DNAs are re viewed in Leumann, C. J., Bioorg. Med. Chen,., 2002, 841-854. 



P-D-Ribopyranosyl-NA 



DMTO. 



a-L-Lyxopyranosyl-NA 




DMTO, 



Base 



NC- 



Ref: Reck, F. etal., Org. Lett 1999, 1, 1531 



Base 



OH 



Ref: Reck, R ei ai., UTg. Lett. 1999, 1, 1531 
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2'-R-RNA 



DMT( 




General structure of 2 , -modified oligomers 



Base 



R = 





R= F 





NH, + 






HO • 



01 



HO 



Ref: Yamana, K. et al., Tetrahedron Lett., 1991, 6347-6350. 




Base 



NMe2 

Ref: Reviewed by Manohanm, M. Biochim. BioPhys. Acta, 1999, 1 17-130. 

5 i n . i 

HO O 




Ref: Sayer, J. et al., J. Org. Chem., 1991, 56, 20-29. 



Examples of m^flcaHons tb*,*^ knowiegde, m not „ pllWished . 
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F/gure 2. General structures of suitable acyclic backbone monomers 



?6 

* ^ 4 

R 2 -R 2 r 2 _r' R 2 - R / 

Ri r,-r/ r/ 



• > R« R, 

. / R2 7 R 7. T L R 2 

r 2 -r/ * W 

Ri L R,' R / 



V / Ra > ^ 

R 2 -R 7 Ri -r/ '/ / 7 



R, ~" R2 L . L R,- R / Rl _ R / 

L R ,_ R / R2 R R / R2 \ > L-R 7 

, R 2 R 2 R 2 -R 2 R 7 -R 2 r 2 _r / 7 « R / 

Ry— R/ R 2 — R< R—p/ r> / 2 | A 2 2 

/ „/ I 7 7 R 2— R 2 R 2 — R 2 l R 2 — R: 

> 



o/ K / I / 2 iX2 .^2— K 2 L R 2 — R 2 ' 

1 1 L R,< R / r / 



wherein R 1f R 2 and Re are as defined in the in the accompanying description, and R 7 = 
N, or CH. • 
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Figure 3. Acyclic backbone monomer units. 




CN 



N O 
V 

DMTO o 



a) 





CN 



N O 
V 



DMTO J 
b) L_/ 





N O 
DMTO n 




CN 



c) 





/"A P 




CN 



DMTO ;s 



d) 





CN 



N o 
P 

DMTS o 



e) 





t 



CN 



N O 
V 



DMTSe 

0 
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DMTHN 




CN 



g) 



m 
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Figure 4. Preferred fntercalators. 
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X 

Acradine 




XIV 

Antracene 




Acradinium 




XV 

Phenanthrane 




XVII H 

6H-Indolo[2,3-bJquinoxaline 




Quinoline 






XVI 

Triphenylene 





xn xni 

Pyrene Napthalene 



lH-Indene 





xxn ftxxm 

7,8,9, 1 0-Tetrahydrobenzo[a]pyrene 9, 1 O-Anthracenedi 




one 1,10-Phenanthroline 




NH 



s XXVI ° 



9bH-Phenalene 



Pyrido[3^^4,5]thieno[3,2,d]pyrimidin. 
4(lH)-one, 7,9-dimethyl- 




XXVII 

Perylene 
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H 2 N 



xxvni 

6H-Pyrido[4,3-b]carbazole, 
5,11-dimethyl- 




NH- 
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Figure 5. Preferred linker chains. 
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Figure 6. Preferred INA (Intercalator pseudonucleotides). 
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Figure 8 
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Figure 13 
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